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INTRODUCTION. 



Itisaboutthirty years since the Aiitlior'sattention 
waa especially directed to the subject of Bridge 
CoySTRUcrTOX; and, his Original Essays published 
in 1S47, are believed to have aided considerably 
toward establishing the foundation upon which a 
kuowledge of the principles involved, and the con- 
ditions required in the proper construction of Truss 
Driiwes, has been built up. and carried to a high 
state of advancement. 

However that may be, the flattering terms in 
which his former labors in the premises have often 
been referred to, as well as the frequent applications 
for copies of his former publication, since the 
iupply became exhausted, have prompted the 
issue of the present volume. 

This work inculcates the same development of 
GENtiRAL Principles, and treats of essentially the 
same General Plans, Combinations, and proportions 
for bridge work, as were discussed and recom- 
mended in its humble predecessor; with such 
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additions and improvements as subsequent experi- 
ence and observation have enabled the Author to 
introduce. 

The design has been to develop from Funda- 
mental Principles, a system easy of comprehension, 
and such as to enable the attentive reader and 
student to judge understandingly for himself, as 
to the relative merits of different plans and combi- 
nations, and to adopt for use, such as may be most 
suitable for the cases he may have to deal with. 

It is hoped the work may prove an appropriate 
Text Book upon the subject treated of, for the 
Engineering Student, and a useful manual for the 
Practicing Engineer, and Bridge Builder. But as 
to this, the decision must be left to those into whose 
hands it may fall; and to that arbitrement, with- 
out further remark or explanation, it is respect- 
fully submitted; 
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PREUMINARrES. 

L A bridge is a strocture for sustaining the weight 
of carriages, animals, Ac, during their transit over a 
stream, gulf x)r valley. 

Bridges are constructed of various plans and dimen- 
sions, according to the circumstances and objects re- 
quiring their erection ; and it is tBe purpose of thia 
work, after a few remarks upon the general nature and 
principles of bridges, to attempt some analyses and 
comparisons of the respective qualities and merits of 
various general plans, with a view of deducing practi- 
cal results, as to a judicious and economical choice and 
application of materials in the construction of these 
useful and important structures. 

n. The force of gravity, on which the weight of 
bodies depends, acts in vertical lines, and consequently, 
a heavy body can only be prevented from falling to the 
earth, by a force equal and opposite to that with which 
gravity impels the body downward. This resisting 
force must not only act vertically upward, but the line 
of its action must pass through the centre of gravity of 
the body it sustains. All the forces in the world, act- 
ing parallel with, or perpendicular to, the vertical pass- 
ing through its centre of gravity, could not prevent a 

1 
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musket ball (concentrated to the point of its centre of 
gravity) from fiilling to the centre of the earth, unless 
it were a horizontal force capable of giving the ball a 
projection, such that the centrifugal tendency should 
equal or exceed gravity — a kind of force which could 
never be made available toward preventing people from 
falling into the water in crossing rivers ; consequently, 
having no application in bridge building. 

In fact, nothing but a continuous series of unyielding 
material particles, extending from an elevated body 
downward to the earth, can hold or sustain that body 
above the earth, by vertical and horizontal actiou 
alone, either separately, or in combination. 

in. Suppose a body, no matter how great or small, 
placed above the earth, with a deep void, or an inac- 
cessible space beneath it. Attach as many cords to it 
as you please, strain them much or little — only hori- 
zontally — the body will fall, nevertheless. Thrust any 
number of rods, with whatever force you may, hori- 
zontally against it; still the body will fall. This is 
obvious from the fact that horizontal forces, acting at 
right angles with the direction of the force of gravity, 
have no more tendency to prevent, than to promote 
the fall of the body. 

Moreover, the space beneath being inaccessible, 
there is no foundation, or foot hold, upon which to 
rest a post or stud that may directly resist the action 
of gravity, while the lines of all other vertical forces or 
resistances, pass by the body without touching it. 

In the case here supposed, the body can only be pre- 
vented from falling by obUqtie forces ; that is, by forces 
whose linos of action are neither exactly horizontal, 
nor exactly perpendicular. Attach two cords to the 
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body, drnw apoti them obliquely apward and outward, 
ID oppoBite directions, or from opposite eides of tlie 
void, with a certain stress, and the body will be bhb- 
ttiined iti its position. Apply two rods to it obliquely 
opward, of a proper degree of stift'ueaa, in the same 
Terticul plune, and on opposite sides of the perpendicu- 
lar, a certain thrust exerted upon those rods, will pre- 
Tent the descent of the body. 



IV". Here, then, we have the elementary idea — the 
grind fandaniental principle in bridge building. What- 
ever be the form of structure adopted, the elementary 
object to be accomplished is, to sustain a given weight 
in a given position, by a system of oblique forces, whose 
reoaltant shall pass through the centre of gravity of the 
body in 8 vertically upward direction, in circnmstancee 
where the weight can not be conveniently met by a aim- 
pie force, in the same line with, and opposite to, that 
of gravity. 

For a more clear illustration of this elementary idea, 
let as suppose a a'. Fig, 1, to represent the hanks of a 
river, or the abutments of a bridge ; and 7^', the line 
of tmnsit for carriages, &c. ; and, let us further suppose 
a load of a certain weight, ic, to have arrived at a point 
centrally between a a'. The simplest method of hqs- 
Inining the weight Ib, perhaps, eitlier to erect two ob- 
lEqtic braces aw, . a'lo. or suspend two oblique chains 
orttes;>ir, p'(c, from fixed supporting points aa',orpp'. 

It is not necessary that the weight be at the angular 
point IT, of the braces oV cbuins, but it may bo sustained 
by eimple suspension at ir' below, or simple support at 
w" above, and soch obliquity may be given to the braces 
orchaitis as maybe most economical ; a consideration 
which will be taken into account beroallcr. 
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y. Thus we see how a weight may be snstained cen- 
trally between the banks of a river, or the extremities 
of a bridge. Bat the stmcture most not only provide 
for the support of weight at this point, but also at every 
other point between a a'^ ovgg' ; and it is obvious that 
the same plan and arrangement will apply as well at 
any other point as at the centre, with only the variation 
of making the braces or chains of unequal length. 

Fio. 1. 




This, however, would require as many pairs of braces 
or chains as there were points between g g'^ a thing, 
of course, impracticable, since the oblique members 
would interfere with one another, and be confounded 
into a solid mass. We therefore resort to the transverse 
strength and stiffness of beams, —phenomena with 
which all have more or less acquaintance, and without 
digressing in this place to investigate their principles 
and causes, it will be assumed as a fact sustained by all 
experience, that, for sustaining weight between two 
supporting points upon nearly the same level, a simple 
beam affords the most convenient and economical 
means, until those points exceed a certain distance 
asunder, which distance will vary with circumstances ; 
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bot !b bridge bnilding, will seldom be less than 10 to 
34 foet, where timber beams are employed. Hence, 
for bridges of u length of 12 to H feet, usually, nothing 
bettor can be employed than a slructuro supported by 
loiigituditiul beams, with their ends resting upon abut- 
ments or Bupporta upon the sides of the stream. 

Of course, no reference is here had to stone or bfick 
arches. For, tboagh these are advantugeouBty usod 
for short spans, and in deep valleys, where the ex- 
peuse of constructing high abutments for supporting a 
lighter superstructure, would exceed or approximate to 
that of coDBtrncting the arcb, it ta the purpose of thia 
work to speak only of those lighter structurca, com.- 
poaed mostly of wood and iron, and supported by abut- 
ments and piers of stone, or by piles, or frames of wood. 

Having then adopted the nee of beams for supporting 
weight npon short spaces, it is only necessary upon 
longer stretches, to provide support for a point once 
in 10 or 14 feet, by braces, Ac, from the extremities; 
and for intermediate pointa, to depend on beams or 
joista extending from one to another of the priucipal 
pointa provided for as above.* 

VL For a span of 20 or 30 feet, it would seem that 
no better plan could be devised,' than to support a 
tfmnsversc beam midway between abutments, by two 
4HurB of braces or suspension chains, proceeding from 
poiuta at or over the abutments, one pair upon each 
ride of the road-way; this transverse beam affording 
anpport for longitudinal beams or joists extending 
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therefrom to the abutments. When saspension chains 
are used, it may properly be called a suspension bridge. 
If braces be employed, it is usually termed a truss-bridge. 



HoBizoNTiji Action of Oblique Mbmbbbs. 

• 

VJJL Before advancing further, it will be proper to 
refer to an important principle or fact which has not 
yet been taken into account, though a fact by no means 
of secondary interest. 

The sustaining of weight by oblique forces, gives rise 

to horizontal forces, for which it is necessary to provide 

counteraction and support, as well as for the weight of 

t!he structure and its load. The two equal and equally 

j,^^ 2 inclined braces, ac and be, Fig. 

2, in supporting the weight w 
at Cy act in the directions o^ 
their respective lengths, each 
with a certain force, which is 
equivalent to the combined 
action of a vertical and a hori- 
asontal force, [^Elementary Mechanics — StaticSy'] which 
may be called the vertical and horizontal constituents 
of the oblique force. These two constituent forces 
bear certain determinate relations to one another, 
and to the oblique force, depending upon the angle 
at which the oblique is inclined. 

Now, we know that the vertical constituent alone 
contributes to the sustaining of the weight, and conse- 
quently, must be just equal to the weight sustained, in 
this case equal to Jm7. We know moreover, from the 
principles of statics, that three forces in equilibrio, 
must have their lines of action in the same plane, and 
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meeting at one point ; and must be respectively pro- 
portional to the sides of a triangle formed by lines 
drawn parallel with the directions of the three forces ; 
and that each of the three forces is equal and opposite 
to the resultant of the combined action of the other 
two. We have, then, at c, the weight J w^ the oblique 
force in the line ac, and a third force, equal and oppo- 
site to the horizontal constituent of the oblique force 
in the line ac. Then, letting fall the vertical dc, and 
drawing the horizontal ady the sides of the triangle acd^ 
are respectively parallel with the three forces in equili- 
brio at the point c. Hence, representing the vertical 
cdy by Vy the horizontal ad^ by A, and the oblique by o ; 
and calling the horizontal force x, and the oblique 
force, y, we have the following proportions : 

(!)• Ju? : X : : V : hy whence, x = J u?— 

(2). Jm? : y : :v : Oy whence, y = Jm? L 

But ^w equals the weight sustained by the oblique 
ae. Therefore, from the two equations above deduced, 
we may enunciate the following important rule : 

The horizontal thrust of an oblique brace, equals the 
weight sustained, multiplied by the l)orizontal and 
divided by the vertical reach of the brace ; and the 
direct thrust (in the direction of its length), equals the 
weight sustained multiplied by the length, and divided 
by the vertical reach of the brace. 

VIIL Now, it is obvious that the brace exerts the 
same action, both vertically and horizontally, at the 
lower, as at the upper end, though in the opposite 
directions; the brace being simply a medium for trans- 
mitting the action of weight from the upper to the 
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lower end of the brace. Hence, the weight sustained 
by the brace ac^ exerts the same vertical pressure at 
the point a, as it would do if resting at that pointy 
while the brace requires a horizontal resistance to pre- 
vent its sliding to the left, as would be the case if its 
foot simply rested upon a smooth level surface. This 
horizontal resistance may be provided by abutments 
of such form, weight, and anchorage in the e&rth, as to 
enable them to resist horizontally as well as vertically, 
or by a horizontal tie, in the line oi, connecting the 
feet of opposite braces. 

These two methods are both feasible to a certain ex- 
tent, and in certain cases ; and, both involve expense. 
Under particular circumstances, it may be a question 
whether the former should not be resorted to, wholly 
or partially. But for general practice, in the construc- 
tion of bridges for heavy burthens, such as rail road 
bridges, and especially iron truss bridges, where expan- 
sion and contraction of materials produce considerable 
changes, it is undoubtedly best to provide means for 
withstanding the horizontal action of obliques, within 
the superstructure itself; and this principle will be ad- 
hered to in the discussions following. 

The preceding remarks and illustrations as to the ac- 
tion of braces, or thrust obliques, obviously apply in 
like manner to obliques acting by tension, with only 
the distinction, that in the latter case, the weight is 
applied at the lower, and its action transmitted to the 
tipper end of the oblique, and the horizontal action (at 
the remote end), is inward, and toward the vertical 
through the weight, instead of outward ; and conse- ' 
quently, must be counteracted by outward thrust, as 
by a rigid body between the points pj?'. Fig. 1, or by 
heavy towers, and anchorage capable of withstanding 
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the inward tendency. Hence, in applying the rule be- 
fore given, to tension obliqueSy and their vertical and 
horizontal constituents, the word pull should be sub- 
stituted for the word thrust^ wherever the latter occurs 
in said rule. 



■*♦• 




TWO PANEL TRUSSES. 

IX. There are three forms of truss adaptable to 
bridges with a single central beam or cross bearer 

(which may be called two 
^^' panel trusses), the general 

characteristics of which, 
are respectively repre- 
sented by Figures 3, 4 and 
6. Fig. 8 represents a 
pair of rafter braces, with 
feet connected bv a horizontal tie, and with a vertical 
tie by which the beam is suspended at or near the 
horizontal tie, or the chord, as usually designated. 

For convenience of comparison, let 6rf = r, =»],=» ver- 
tical reach of oblique members in each figure. Also, 
let each chord equal 4i?, ■■4, and the half chord =» 2 »■ 
h OB horizontal reach of obliques in Figs. 3 and 4. Then 
ady Fig. 8, equals \^h*+v* — >/5, and if the truss be 
loaded with a weight ir, at the point 6, bd will have a 
tension equal to tr, and abcy [see rule at end of Sec. 
VilJ, a tension equal to |ir, ( = weight sustained by ad)y 
multiplied by the horizontal, and divided by the ver- 
tical reach of ad ; that is, equal to J u?4, =" J«^ f , ™ w? ; 
while ad sufi'ers compression from end to end, equal to 
iw^. But ad — >/5, and v — 1. Whence Ju>^ — 

2 
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Kow, as the cross-section of a piece, or member, ex* 
posed to teDsion (or to thrust, when pieces are similar 
Id figure), should be as the stress, it follows that the 
t(762]7A^of each such member should respectively, be as 
the stress sustained, multiplied by the length, + an ad- 
ditional amount taken up in forming connections; which 
latter, for purposes of comparing the general economy 
of dijfterent plans, may be neglected. 

X. Then, representing by M, the amount of material 
required to sustain a stress equal to w^ with a length 
equal to 6d, = 1, we have only to multiply the stress 
of a member in terms of m?, by the length in terms of 
bdj pr Vj and change 2/; to m, to obtain the amount of 
material required for the member in question, omitting 
the extra amount in the connections. Hence, the 
length of the vertical tie bdy being equal to 1, and hav- 
ing a stress equal to Wy requires an amount of material 
equal to 1m. 

For the horizontal tie, or chord, length = 4, and 
stress (as seen above), => u?, whence material >■ 4m. 
This added to 1m, required for the vertical, makes a 
total of 5m, for material exposed to tension in truss 3. 

The two thrust braces, as already seen, sustain com- 
pression equal to Ji(?\/5, which multiplied by length, 
^5, and w changed to M, give material = | m, for each, 
or 5 M, for the two. 

XL In the case of truss Fig. 4, the obliques mani- 
festly sustain a weight = Ji/;, by tension, giving stress » 
iw >/5, which multiplied by length, «= >/5, gives JM =» 
material for each, and 5m, for the two. The compres- 
sion of kiy equals ^wxh = iwx2 =» u?, while the length« 
4, whence, material = 4m ; and, each end post sustain- 
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I iDg Jw, with lengtli = 1, tlie two require oiaterial =M, 
making tlie whole auiount uf thrust uileritil = Sm.. 

ThtjH we ac-i) thiit th(i two plans veqiiiro ench the 
•aine precirte amount of material fur sust;iiiiing bulh 
tension nnd thrust, upou 
the Buppoeilion that the 
materiat ia capable of aua- 
tainiiig the saoie stpesa to 
the square inch of croas* 
section, iu the one plan aa 
in tlie other. This is trae 
as to tension m&terial ; but with regard to thrust mate- 
rial, the power of withstanding compiessiou, 7arieB with 
the ratio of length to diameter of pieces, as well as with 
lh9 form of cross-section ; and it will hereafter be seen, 
that in ibis respect, plan S has the advantage in having 
I the compression sustained mostly by shorter pieces, 
Biitess fti be Hupported vertically and laterally by a still' 
I with the beam at/, which would iocrease 
f tbemwoutit of material. 




XIL Plan Fig. 5 has three members (fti, mp andm^) 
exposed to tension, and the remaining throe exposed, to 
compression. With the 
Slime length and depth 
of truss, and the same 
load = w, at m, and with 
obtiqnee equally inclined 
~7^ (at 45°), it is manifest that 
the vertical and horizon- 
\ ttl reaches, each for each, is equal to 1, and the length, 
['•qaalto^/2; while the weight aiistaiui'd by each equals 
I Jw. Hence, thu action {of tension or compression), 
\ tqaaii^tts/lfiuii} the material equals )\/2x%/'2.M »lu; 
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making for the four pieces, 2m for tenfiion, and 2m for 
compression. 

The tie or chord Zn, suffers tension equal to the hori- 
zontal constituent of the thrust of qlj manifestly equal 
to the weight sustained by ql^ or equal to \ w. There- 
fore, the length being equal to 4, the material required 
in its construction, equals 2m. The remaining mem- 
ber pq (= 2) sustains compression equal to the com- 
bined horizontal constituents of the tension of mq^ and 
the compression of qly each of said constituents equal 
to IWy making compression of j?j, equal to tr, and length 
being 2, material » 2m 

"We have therefore, for this plan of truss, 4m, for 
thrust material, and 4m for tension material, which is 
} less than in case of Figs. 8 and 4. Consequently, 
this plan is decidedly more economical than either of 
the others, unless the compression material acts with 
better advantage in the latter than the former; that 
is, unless the thrust members in 3 and 4, have a greater 
power of resistance to the square inch of cross-section, 
than those in Fig. 5. 

Xnr. As to this, both theory and experiment prove, 
as will be shown in a subsequent part of this work, 
that the long thrust members in bridge trusses, are 
liable to be broken by deflection, rather than by a 
crushing of the material ; that in pieces with similar 
cross-sections, with the same ratio of length to diameter, 
the power of resistance to the square inch is the same. 
That, since the cross-section is as the square of the di- 
ameter, and the diameters (in similar pieces), as the 
lengths, the absolute powers of resistance (being as the 
cross sections), are as the squares of the lengths. 
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Hence, if the compressive forces acting upon two 
pieces of different lengths, be to one another as the 
squares of the lengths of pieces respectively, and the 
diameters be as the lengths, the forces are as the cross- 
sections, and proportional to the power of resistance in 
each case, and the material in the two pieces, acts with 
equal advantage, as far as regards cross-section, so that 
the products of stress into length of pieces, are the true 
exponents of amount of material required in the two 
pieces respectively. It follows, that, if on dividing the 
forces acting upon the pieces in question respectively, 
by the squares of the lengths, the quotient be the same 
in both cases, the two pieces have the same power of 
resistance to the square inch, and in general, the greater 
the value of such quotient, the greater the power per 
inch, and the greater the economy, though not neces- 
aarily in the same precise ratio. 

XrV. Applying this rule to thrust members in plan 
Fig. 3, being the braces, the compressive force equals 
Jm7>/5, and square of length = 5. Hence the quotient 

The piece ki Fig. 4, has length =»4 and compression™ 
Wy whence, force divided by square of length gives ^^w 
■= 0.0625?(7. This shows the material to be capable of 
sustaining much more to the square inch in the former, 
than in the latter case, though it does not give the 
true ratio. On the other hand, ek and gi\ with length 
— 1, and stress =■ iw?, give quotient =■ ^w = 0.5ir. 
Hence, with similar cross-sections, these parts have 
greater power to the inch than either of the former, but 
not enough to balance the inferiority of ki^ as compared 
with ad and dc, in Fig. 3. 
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With regard to trass Fig. 5, ql and pn^ suffer each 
compression equal to Ju?%/2, with square of length «» 2, 
giving quotient = Jm:>/2, = 0.37 lir, while pq^ has com- 
pression = to, and square of length =» 4, and quotient 
^^w^0.2ow. Hence it appears that this plan not 
only possesses a decided advantage in the less amount 
of action* upon materials, but also, a considerable ad- 
vantage as to ability of compression, or thrust members, 
to withstand the forces to which they are exposed, 

XV. Still another modification for a trass to support 
a single beam, is formed by reversing Fig. 8, thus con- 
verting tension members into thrust members, and vice 
tersa ; the oblique members falling below, instead of 
rising above the grade, or road-way of the bridge. In 
this case, the long horizontal thrust member ac, is di- 
vided and supported in the centre, and its economy of 
action becomes the same as that of p^, in Fig. 5; and 
the truss gives the same exponents for both thrust and 
tension material as when in the position of Fig. 8. 
This arrangement affords no side protection, and is 
not always admissible, on account of interference with 
the necessary open space beneath. 



Deductions. 

XVX We seem to learn from what precedes, that : 

(1). Since all heavy bodies not in motion toward, or 
not approaching the centre of the earth (or receding 
from it under the influence of previous impulse), exert 
a pressure equal to their respective weights [vni], 

* Bj the expression, amount of action, is meant, the sum of prodocts 
of stresses into lengths of parts, or members. 




althpr directly orindirectly npon the eartb ; and, since, 
ft body crossing ft bridge, having (as bridges arealwaya 
•opposed to bftve), avoid space underneath, preventing 
a direct pre^nre, it follows, that every aucb body exerts 
fto indirect prosaure at eome point or points at greater 
or lesa horizontal distance from the body. 

(2). That the preaaure of a body at a point or points 
Dot directly btrluw it, can only take placn through one 
or more intermudiate bodies, or members, capable of 
exerting (by teuaion or thrust), one or more obliqae 
forces upon the first named body, and it la the office 
of a bridge to furnish the medium of such horizoutal 
transfer of pressure [iv]. 

(S. That ft single oblique force can not alone prevent 
ft heavy body from falling toward the earth (since two 
fitrcea can only be in equilibrio when acting oppositely 
in the same lino), and that each oblique force is equal 
to the combined actian of a vertical and a horizontal 
coofttiluciit, of which the first alone is equal to the 
weight sustained and transferred by the oblique 
member, white the horizontal constituent, acting at 
both exlremilies of the oblique modi urn, must he coun- 
tcmctcd by moans outside of the oblique and the weight 
sastaint-d by it; which means are uansilly to be sup- 
plied by other membors of the structure [viir]. 

(4). The direct force exerted by an oblique member 
(in the direction of its length), is equal to the weight 
lastaine*!, multiplied by tlie length, and divided by 
the Tcrlical reach of the oblique, while the horizonta. 
coni>titucnt equals the weight sustained multiplied by 
the horizontal, and divided by the vertical reach of 
the oblique [vii], 

(5), The amount of material required in a tension 
raenibcr, is as the stress multiplied by the length ot 
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the member [ix] (disregarding extras in connections) 
and the same is trae of thrast members of similar 
formed cross-sections, sustaining stress proportional to 
the square of the length of pieces respectively. 

(6). The respective stresses of two thrust members, 
divided by the squares of respective lengths, give quo- 
tients indicative of, though not proportional to, the re- 
lative efficiency of material in the two members, — the 
greater quotient showing the greater efficiency, or 
greater power of resistance to the square inch of cross- 
section [xiii]. 

With these rules or principles in view, we may pro- 
ceed advantageously with general analyses and com- 
parisons of different plans, or systems of bridge trussing, 
adapted to different lengths of span. 
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THREE PANEL TRUSSES. 

XVII. In structures exceeding 25 or 30 feet in length, 
the length of joists from the centre to the ends, would 
require cross-sections so great, to give them the requi- 
site stiffness, that their weight and cost would become 
objectionable. It becomes expedient, then, in such 
cases, to provide support for more than one principal 
point, or transverse beam, or bearer. A superstruct- 
ure from 30 to 40 feet long, may be constructed with 
two cross beams, supported by two- trusses with two 
pairs of braces each, with the feet connected by a hori- 
zontal tie or chord, as seen in Fig. 6. 

The cross beams, may be at b 6', or suspended at c 
and rf, at equal horizontal distances from a a', and from 
one another; which latter position they will be re- 
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garded as occupying in this instance. Or, the figure 
may be inverted, thus reversing the action of the several 
thrust and tension members. 

XVni. Another, and a more common form of truss 
for two beams, is shown in Fig. 7. These may be 
called three panel trusses. 





To compare these two trusses, suppose the two to 
have the same length and depth, and to be loaded with 
uniform weights, u;, at the two points c and d in each. 
Then, since we know from the principle of the lever, that 
each weight produces upon each abutment, a pressure 
inversely as its horizontal distance from them respec- 
tively, and that the pressure upon the two abutments 
18 equal to the weight producing it, it follows that a6, 
Fig. 6| sustwis iWj and compression » } ^w. Hence 

making a6 » d,... bc^v^ and ac » A, ... §-?(;, becomes 

} Hi0y and multiplying this stress by length, » D, and 

8 
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changiDgttTtoM^yWehayeformaterial ina&,...}^ m. But 
D^./e* + r*, whence i^u - I (*! +r) m - {^+ ^)u. 

Again, oi' sostains \w, with length «= ^/ii?+^^ and 
by multiplying and changing as in case of a6, we obtain 

material in of, — (^ + 4) m, which added to amount 
for ab, givc8(^ + r) sc for the two braces, and 
(ii* + 2p )m for the foar. 

The horizontal thrust of oft — |m?- while that of aV 

s 1 w;?5 ■■ ZwX Hence the horizontal thrust of ab and 
ab^ I >/?- — tension of aa', and material for chord cui^ 
equals 8 x }- m — — m. Tension of be and 6'rf, each, 

equals w^ and material for the two«2t;M, which 
added to amount in aa\ makes the whole tension 

material equal to(— +2v) m, being the same co-efficient 

of M as was obtained for compression. 

In truss Pig. 7, ... at and a'6' (— d — \/h^+v^), evi- 
dently sustain each a weight equal to U7, and a stress » 

s/h^ + I*" w. Whence, material ■- (- + r) m for each, 

and (^~* + 2r) m for both, while 66', equal to h, sustains 

compression equal to the horizontal thrust of a6, equal 
XO'tw^ and requires material equal to ^m, making, with 

amount in braces ab a'b'y (— + 2r) m. 

Now we have just seen that the horizontal thrust of 
(i6, equal to the tension of chord aat^ equals -^r, and the 



* \Vh<«n % l» UM«d in the eo>«tBcient of M. tben x represents the prr> 
i)ttrt of tho vtrt'sm in t^rms af «p» bj length according to mnj anumed 
unit, which niAj be equal to t or noi. 
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length being 3A, the material con8ef|uently equals 
. — M, to which add 2rM for rerlicala, and we bavp 
i^—-\-iv)it — whole amouut of tension material in 
trass 7, which is leas by ^' u, than in the case of truss 
Fig. 6. 

XIX "With regard to thrast material, it is clear that 
while in triisa 6, tlie weight on either piiir of braces, is 
tmneferred in due proportion to both ahutmenta, inde- 
pendently of the other braces, whether one or both pair 
be loaded; on the contrary, trues 7, when c only iS 
loaded, mnat transfer Jio to a', which can only be done 
through a7/,theonly oblique member acting at the point, 
a'. Moreover, the weight must be communicated to a'!/, 
Bt the point b', through the thrust of bd, and the tcnt^ioa 
oftifr'.assumingMandcft' to bethrust members. Now, 
as either c, or d, is liable to bo loaded with weight equal 
to K), while the other is unloaded, it follows that both 
Acf ftod cb' are liable to auetain weight equal to ^w, and 
reqairc thrust material eqnal to }( — (- i) h for each, 
or (^* + -^)*' for the two. The whole amount of 
thrust material for truss 7, then, eqaa]B(— + 2 r)M, 
(tbearaoont found above) + {^+ 3')m> equal to 
(IS?* + 2 1 r) «, against {-^*+2r)M for truss 6; the 
di&rcncQ being {i— — jr) M. If this bo a poailivo 
quantity, the balance is in favor of truss 7, and if nega- 
tive, in favor of treas 6, as regards amount of action 
on thrast material; while, if i^ — J r — zero, the 
unonnt of tbmst action is the same in both trasses. 
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Either of these suppositions may be true, according to 
the relative values of A and v. If A « V\/2. then-^ — 

fy«=o. If A, be greater than Vy/2 — ^ — fr is 

positive, and if h be less than V\/2y the value is nega- 
tive. But the amount is trifling in any probable rela* 
tion of h and t;, and may be disregarded in this general 
comparison. 

Calling then, the amount of action upon thrust mate- 
rial in the two plans equal, there is a probable advan- 
tage in favor of truss 7, as to efficiency of thrust 
material, while the latter truss, shows a positive advan- 
tage over truss 6 in amount of tension materidl, equal 
to (^ + 2v) — {^ + 2i;) M = ^ M. This is equal to 

4m, when A « 2i; = 2; which is in tolerable proportion 
for the trusses under discussion, and, substituting these 
values of A and v in the expressions of tension material 
in the trusses respectively, we have (16 + 2)m for trues 
6, and (12 + 2)m for truss 7, being about 28} per cent 
more for 6 than for 7. 

The same diffisrence would appear with Fig. 6 in- 
verted, the thrust and tension action being the same 
in amount of each, only sustained by difierent mem- 
bers, thrust members in one case becoming tension 
members in the other. 
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FIVE PANEL TRUSSES. 

XX. Truss Fig. 7, may be increased in length and 
number of panels, by introducing additional panels 
between the end triangular panels, and the rectangular 
centre one either of an oblique form, as in Fig. 8, which 
represents an arch-truss, or of a rectangular form as in 
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Pig. 10. The truss on tbe plan of Fig. 6, may be 
leDgtbeDed by introducing additional pairs of inde- 
pendent braces, as seen in Fig. 9. 

Via. 8. 



a i d e f 
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For the analysis of these trasses, using the same no- 
tation fts before, ns far tin applicable, that is, making 
r ™ verticals ck, in 8 and 10, and eqiml to mi', ptn', etc., 
in Fig. 9; A = (i6.= width of panel in each tigure, ™ J 
whole chord ; ic—uuiform weights at the fniir bearing 
poiiita in each, and m ■■ weight of material required to 
flostain a stresa eqnal to lo, with length equal tol; 
then, making /fr — J (i in truss 8, it is obvious that the 
two ahntments at a and / together sustain 4ic, with the 
common centre of gravity of all the weights raidway 
between abutments, whence each abutment sustains 
2w, equal to weight sustained hy al. The compression 
of al therefore equals -^ir. But at = *^/i' + Ji;*, 
which substituted in last preceding expreFsion, gives 

1 v^A' + ) r*ic,'=comprcaaioo of al. Whence, multiply- 
ing hy length, ^^/I'-l-jc*, and changing w to M, we 
have {— -+1 Ji'J M — material for al. 

The horizontal thrast of al, [xvi .(4)] equals 

2 w A — ^4F, - tension of chord a/. 

The oblique member Ik, sustains welght=ir tlbrough 
th« vortical ck), and has a vertical rc-atli — ^v. 
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whence it Buffers compression equal to^ w, =a— m?, » 
8 ^/ A* + ji^ M?, and requires material equal to (— + 

{^)m, while its horizontal thrust equals -—-w, »J^m;,«- 

compression of kij by which it is contracted. The ma- 
terial required for fe", therefore,^ — m. Material tor ig 

and gfj is the same as above found for al and Ikj and, 
doubling those qus^ntities, and adding amount just 

found for kiy we obtain(— + S^v) m, -* material in 
the whole arch. 
The tension of the chord af (Fig. 8), has been seen 

to be equal to — m?, whence, multiplying by the length, 

5hy and changing w to M, we have i^ m, ■= material for 

chord. 

The 4 verticals sustain each, weight » Wj and the 
aggregate length being 8^v,... material « 8|t;M. This, 

added to amount in chord, gives (— + 8Ji?)m, » ten- 
sion material required to support a full uniform load, 
as above assumed. But since any number of the points 
Oj Cy dy e, are liable to be loaded while the others are 
unloaded, it is obvious that in such case, the arch will 
not be in equilibrio, the loaded points tending to be 
depressed, while the unloaded, tend to be thrust up- 
ward. Hence the arch requires the action of the ob- 
liques, or diagonals, in the three quadrangular panels, to 
counteract such tendency ; and, as will appear further 
on, these members will require material equal to about 
one-third of the amount required in the chord, thus in- 
creasing the amount of tension material for the truss to 

about(?55'+41i;)M. 
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XXL In truss Fig, 9, each bnice obviously suatiiiiia 
■ portioa, i, of the weight w, which is to w, us the 
liorizontal roach of iu aiitugonist, as to horizontal 
action, or its follow and assistant vertically, is to the 
wliole length of cliord; that is, the weight x, bearing 
•1 m, throuj^h win', is to w, as ns to ms; or, x: w z: 4: b. 
llciice X 9* Jw, Thi«!, multiplied by the liorizontal 
reach, ecjual to h, and divided by v, gives the homuutal 
tbnut of the brace, equal to J— lo. 
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In like manner, mm' sustaina a weight j', wliiuli is to 
IP, aa/M to ms, i. e., x' : jr : : 3 ; 5, whence x' = |m, and 
thohorizontalthrust = J -«J — J-w; and in gencpal, 
the horizontal thrust of a brace in this kind uf truss, 
equals w, mnltipUed by the product of the number of 
aectiODs of choni at the right and the left of the point of 
application (of the weight), and divided by the whole 
nomberof chord-eectiouB, and, by the vertical reach (v) 
jf the brace. 

Bat the horirontal thrust of mn' eqnala that of n's, = 
that of nit ,and the horizontal thrust of mm', ctiniils that 
or m'« "that of niu, whence, horizontal thrust of the 
4 braces bearing at m, equals twice that of mn' and 
mm', together, - 2 (j i + i J-)io - ^w - 4io. Thia 
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being equal to the tension of tbe chord, mnhipljing 
hy length 5A, &nd changing ir to M, gires material for 

€Lonl==— jc Adding to this, 4rM, Sm* 4 Tecticab 

with st?e% =s IT, and length = r, each^ makes whole 

amount of tension material equal to (^^ +4r)x, being 

reiT nearijr the same as for trass. Fig. & 

\,Xfl, As for braces in trass 9, we have already 
seen that each brace sustains weight equal to ar, multi- 
tiplied bj the number of panels crossed hy its fellow, 
and dirided bjr the number of panels in the whole 
truss^ Ilence rroif sustains fir, with length equal to 

%^>r-|-r. Therefore, stress == f v^^+? ir, which mul- 

tip»lied by length, and w changed to m, gives material 
for mn' = i(^+ r)M, =- (^^ + -^)m. mm' sustains 

|»r with length = \^4A^ + r*, whence material «» 
{ (:!^+r }3i, =:(^'+^)m. will sustains |ic with length 

— v/WTr*, and material equaU(^^'+-^)M, wlule ml, 

sustains J if, with length — ^16A^+c* requiring 
material =■ (^'+ j)^- Then, adding and doubling 

these amounts, we obtaiu(— +4r)M, against ( — ' -f 

3^r}M, for truss 8 ; a difference of about 30.6 per cent 
when A =s r, and about 32.6 per cent when A » 2r. 

Thus, truss Fig. 8 has over 30 per cent advantage 
over truss Fig. 9, in the economy of amount of ae^noi 
upon thru'it material, with the advantage as to efficiency 
of action of this material, undoubtedly, al3<%on the side 
of truss 8. Tension material is nearly the same in 
both. 
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XXin. If tniae Fig. 9 be inverted, dropjjing the ob- 
lique members below the road-way of the briilge, thus 
perersing tho action of tbrust ami tension niuiubers, tbe 
thruat material would act with uearly equal ailvantage 
in both plana, and with about t)ic aamo amount of 
action. But the 30 per cent advantage as to amount 
of action upon tension material, would atill be in favor 
IroBa 8. Bosidea, it is only in exceptional cases that 
thiaarrangomont caiibe adopted, on account of iuterfer- 
eace with the necessary space below tbu bridge. 




» 



XXIV. In truss Fig, 10, suppose the points b,c, rf, e, 
to b« loaded successively from left to right, with uni- 
form woights oquul to w each, and suppose the (ruaa to 
be without weight, as we have hitherto done. When 6 
alone is loaded, Iw must bear at /, [xviii] which may 
be effected, cither by tension of bl, thrust of t?, tension 
ofck, thrust of kd, Ac, hy tension vertical and thrust 
dingonnl alternately, till it reaches /; acting in its 
cotinte upon 4 verticals, and 4 obliques, with u weight 
upon each, equal to Jic. Or, the weight maybe trans- 
ferred by tennion of hk, ci and tfg, and thrnst of kc, id 
tndgf. These alternatives are subject to the control 
of the builder, nud he will form and connect tbe parts 
accordingly.' Let it bo asntlmed that the truss has ten- 
lion disgonals, and thrust uprights at c aud d, while ti 
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and eg are necessarily tension members in all cases^ in 
practice. 

Again a weight, to^ at c, must cause pressure equal 
to Ju7 at/, through tension of a and dg^ and thrust of ii 
and gf. This, with the \Wy from the weight at b^ makes 
\w^ acting on ci. But the weight at c, causes pressure 
equal to Iw at a, necessarily through tension of d ; 
and since cl and bk are antagonistic, the action upon 
one tending to produce relaxation of the other, it fol- 
lows that only one can act at the same time, unless 
unduly strained in the adjustment of the truss. Hence, 
the \w^ which acts upon bk^ when b alone is loaded, is 
overbalanced by the { U7, tending to act upon c/, on 
account of the load at c ; and the result is, that bk is 
relaxed, the whole weight at 6, is necessarily sustained 
by bl and 2a, and the {k;, which must by a statical 
necessity, bear at/, in consequence of the loads at 6 
and c, is all made up from the weight at c, leaving only 
Iw of this weight to bear at a, through cl. Now, since 
it is obvious that all load at c, d^ or £, must contribute 
to the pressure at a, which can only occur through 
action upon o{, it follows that bk can only sustain the 
whole weight of \w, when the point b alone is loaded ; 
and consequently, that \w is the greatest weight that 
bk can ever be subjected to. 

Then, applying another weight, w?, at rf, it must add 
\w to the pressure at/, through tension of dg and thrust 
of ^; which last amount, added to ft/?, communicated 
to dg through ci and id, makes f U7, as the weight sus- 
tained by dg. But the weight at d, also causes pres- 
sure at a, equal to f m?, which can only be done through 
action, or tendency to action upon dky and since dk and 
ci are antagonists, only onuB can act at once, and that, 
only with a force equal to the excess of tendency to 
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action of the one, over that of the other. Now we 
have seen that weights at 6 and c, tend to throw fw 
npOD «', while the weight at d, tends to throw Jw npon 
dk. Hence, in tliese ciruumBtiinces, ci only auatninB 
\w, which 18 transferred to dg through thrust of id, 
wliilfi 'Ik is rehixed, and the whole weight at d, is sus- 
tiuncd by d'j; making, with the ^w from n, just above 
mentioned, gw, equal to the preeanre due upon the 
abutment at/, on account of weights at i, c and d. 

Laatiy, a weight, to, at e, tends to give [ireaaure eciufll 
to \w at/, through eg and^, and a pressure equal to ( 
ui at a, through «, dk, etc. This hitter tendency baa 
the effect to dinainish by Jw, the tendency of previously 
imposed weights, to throw |w upon dg, reducing it to 
Iht, and to neutralize the halanco of J lo acting upon 
ci, after the imposition of the weight at (/, leaving ei 
and dk both inacdvo, while eg sustains the whole weight 
applied at e, equal to tr. 

Now, as we have seen, any weight at d or e, tends to 
throw action upon dk, thereby diminishing action upon 
d, and since weight at b and c, both contribute to the 
atreaa of d, it follows that the majctmum action upon 
ti, occurs when b and c are loaded, and d and e, unloaded. 

For wmtlar restsons, the maximum action upou dg, oc- 
ean when e alone is unloaded. 

The maximum weight sustained by lb, and eg, is the 
weight applied directly at each of the points 6 and e, 
eqarf to w, and the maximum weights sustained by ri, 
tti, and r/, are the aameas those sustained by bk, ci and 
tig, each re»pcclively, as just above determined; while 
<U and gf, both receiving action from weight on any 
part of the trusa, obviously sustain their maximum 
weight, equal to 3tr, ander the fait load of the truss. 
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The section abj of the lower chord, suffers a stress 
equal to the horizontal thrust of oZ, which of course, 
is greatest when a/ sustains the greatest weight This 
has just been seen to be equal to 2w, and occurs under 
a full load of the truss. Hence the greatest stress upon 

ab equals 2w ~, and is communicated without change 

to 6c, bk being inactive when the truss is fully loaded. 
The section cd, suffers stress equal to the combined 
horizontal action of aZ and ICj which must be greatest 
when this combined action is greatest. That is also 
under the full load of the truss. For, though Ic sus- 
tains Iw more weight when b is unloaded, the same 
cause relieves al of the amount of Jm?. Consequently, 
the weight borne by the two, is Iw less in this case, 
than when the truss is fully loaded. The greatest com- 
bined weights, then sustained by al and fc, being equal 

to 3u?, the greatest stress of cd equals Sw — . This is 

also the greatest compression suffered by the upper 
chord Ig^ since the latter is also equal to the combined 
horizontal thrust and pull of al and Ic. The stress of 
this chord is the same throughout, because the obliques 
meeting at k and t, are inactive when the truss is 
loaded throughout. 

The maximum compression upon ck and idy equals 
the greatest weight sustained by ci and dkj already found 
to be equal to {u?. 

XXV. Having thus ascertained the greatest weights 
sustained by the several oblique members, and the 
greatest stresses of the horizontals and verticals, we 
may deduce the required amount of material, or, per- 
haps more properly, the amount of action upon the ma- 
terial required for the truss, as compared with like 
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mmoQnt of action in trasses 8 and 9, thus : l^Iax. 
weight on end braces, 2w x lengths/ h* + v* ••- stress » 

Hence, action upon material for the . .,, . 

two- (^+4.)m. 

Max. weight on 2 verticals » fu? x 

length of the two (— 2(?), gives 1 J v M. 

Max. stress of upper chord » Sw^ 

X length ( =a 8A), gives amount x« 

of action « ^ « 

Making total amount of action on . ^g^, ^ x 

thrust material - (-ir "*" ^^^'^ ^ 

Aggregate max. weight on 6 tension 

diagonals « Vm?»4m?. This by the 

length ( =■ v^^"+V), gives stress 

■- 4 if?^/ ^' ^ o* ; whence amount 

• fi^l + 4»)m 

of action on material, equals ^ • ' ' 

2 tension verticals sustain each, lu?, 

with length «■ r, giving amount of 

action for the two » 2v M. 

Stress of middle section, lower chord 

«- 8m?-, X length ( » h)j gives 

action ^l^' 

4 remaining sections, with stress «■ 

2u?i X length ( - 4A), give 8^m. 

Making whole amount of action on "T ^li T 
tension material - ^^^1 + H^- 



BuDGB Bnuiixo. 



Stsofhcal Statehsxt is kbqakd to Tscsebs (Flga, 
8, 9 and 10. 



AMorsT OF AcnoT cpos Uatekials 
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(^ + 4r)» 
(i?51 + 60) 11 



CoBipreuioM. 






-^+ll|r)ic 



Making A = s — 1, the above table will be as 
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. 24}K 18|x 42}ii 

. 24m 2in 48m 

. 2lH 18|k 39JH 



XXVI- This shows very nearly the relative amonot 
of tensioQ material required in the several plans; 
white, as previously stated, the amonnt of compression 
material is not so nearly indicated by the figures and 
expressions giving the amount of action (sum of stresses 
into lengths of pieces), as in case of tension membere. 
The compression material in No. 8 (the arch trass), ia 
nndoabtedlymoreefficientin action than in either of the 
others, while that in No. 9, is nnqnestionably the least 
so. In fact, this trass will be hardly considered as 
possessing advantages of any kind, snlEcient to indnce 
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its adoption ; and it will not he considered In t)ie dis- 
;ard to trusses of greater 



cossionsand comparisons 

■pan, to which we may now proceed. 



\ 



TRUSSES WITU SEVEN PANELS. 
The Arch Truss. 

XXVTL InFig. ll,ietmd-r, and A— a6--^ If 
each of the points 6, e, rf, etc., be loaded with a weight 
equal to w, then, in order that the arch may be in cqui- 
librio under the effects of these weights, without any 
action of the diagonals, it is necessary that each section 
of the arch have the same horizontal thrust, since, if 
one section have a greater horizontal thrust than the 
one opposed to it at cither end, the diagonals alone can 
■uflt&iD the surplus. And, that the sections may have 
tbe same horiitontal thrust each must have a vertical 
reach (the horizontal reach being tbe same for nil), 
proportional to'the weight (W) sustained by each. For 
illuHtration, horisontal thrust being equal to \V-, in 
order that this expression may represent a constant 
qauitit}', A remaining constant, v must be as W. 

Now, ml being horizontal, can sustain none of tlie 
weight acting at the point m, through the vertical mtlj 
hence mn must suatnin a weight equal to w. This is 
tmneferred to no [vm], and in addition to the weight 
at c, makes 2w sustained by no. The latter weight is 
in torn transferred to m, and, in addition to the weight 
at b, makes 3tr, to be sustained by ao. The vertical 
rvaches, therefore, beginning with ao, should be as S, 
2 and 1 ; whence, ob should equal ^v, and nc should 
•qoal I p. 
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The thrust of ao. then, equals 8m?—, ■■ Qw^. ^^ 
Qw y/h±^ ; whence, amount of action 

on material* =■ (5^ + lJi;)xM. 



Thrust of ow, =» 2m?4^, = Qw 

jo 



on 



6m; VaH>!, and material = (?^ + |t-)xM. 



Thrust of wm=M7^ 






6m? VFTaE, and material «= (— + ir)xM. 

Thrust of mZ (=■ horizontal thrust 
of nm), = 

Adding these amounts, and repeating the first three, 
we have (i|^ + 4§y)xM, equal to amount of action 
upon the arch when fully loaded. 



M?As=: 6m?-, and material =■ 6^'xm. 




The stress of the chord obviously equals the horizon- 
tal thrust of aOy equal to 8m?-A., a 6m?^; and is the same 

throughout, when the truss is fully loaded throughout. 
Hence, for the whole chord, we have, stress = 6M?i. 

multiplied by length («7A), and w changed to M, 
» 42^ XM, representing the material required for the 

chord. 

The above are assumed, for the present, to be the 
greatest stresses that any jpart of the chord or arch can 



* By amount of action upon material, is meant tlie stress of a member 
mvdtiplied by its length. 
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bo salijected to, 'm any condition of the lond ; w, being 
tbe maximum weight for any one of the sustainiug 
poitiu, b, c, d, Ac. This is s. point we shall be better 
enabled to verify after considering the 



OF Verticals and Diagonals, 
XXVIIL As the diagonals do not act trnder a full 
load of the truss, the verticals must each siiatiiin a ten- 
sion equal to w, when the weights are applied at tho 
chord ; and, the diiigonala nctitig by tension, serve, 
when in action, to diminish tho tension of verticuls, or 
to Bnliject them to compression, but can never increase 
their actinn of tension. Ilonce, the maximum teusioa 
etrcas of each vertical equals w. 

Id order to bring the d^gonals into action, the trnss 
tntiBt obviously be unequally loaded ; and, to determine 
the ma,r(m«m stresses of the several diagonals respec- 
tively, we may begin by removingtbe weight at *?; (see 
Fig. 11 A), and, to facilitate the process, let w" represent 
w dividetl by tho number of panels in tlie truss (« 7 in 
this case), i. e., w" — iw. Then, the full load of the 
truM bearing with a weight of 3w, =-21w", at i, ... with 
load removed from g, the bearing at i, equals 21ir" — 
6w", — 15w" ; and produces if thrust upon y equal to 
lSic"V^ ** • t"' . Then, taking jy by any coDvenient scale, 

OD § produced, to represent the thrust of y (reduced to 
it" with a numerical coefficient, according to the pro- 
portions of the truss), and drawing qr parallel with fj, 
and meeting jA: produced in r, it is obvious that the 
three forces acting al j, namely, the thrust of y and Jt, 
•od tlie tension of ,^, will be represented respectively 
by the flidofl of the triangle jip-f parallel respectively 
with tho directions of those forces ; and may be mea- 
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eured by scale and di- 
viders, or calculated tri- 
gonometrically, 

Now, it will be seen 
that thegreater the pres- 
sure at iy the greater 
the thrust of y, repre- 
sented byjj, and conse- 
quently, the greater the 
linear, representingthe 
tension of fj. But the 
pressure at 2, is mani- 
festly the greatest pos- 
sible in the case here 
supposed, except when 
the weight at (^ is wholly 
or partially restored, in 
which case the tension 
of j5 would be wholly 
or partially relieved. 
Hence, it follows that 
the maximum stress of 
jO', occurs when all the 
supporting points ex- 
cept gj have their full 
load, and the point g is 
without load. 

Taking, then, fs » 
qr^ and drawing si par- 
allel with gfy St will re- 
present the horizontal, 
and//, thevertical effect 
(equal to 8w?") of the 
action of Jj ; the former 
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effect being, in addition to the tension of / 1, reeistol 
by the tensiou of f/, wliile tlie latter 18 counteracted 
by the weight at /, and the tension ol Jk ia thereby 
diminished, but not exhausted*. But it' the wtighta 
were applied at the arch instead of tlie chord, then fk, 
ia this condition, would auUer coiupreasiou represented 

XXIX. If the pointay and/ he unloaded, the pre«- 
ture at i la reduced to lOm", and the tlrust of ij " lOw" 
V V-t-lt^. Tbon, taking j<f by the scale, to represent 

thi« qiiftntity, and drawing (^r' parallel withj^, q'r', 
compared with the snrae scale, will give tho Bircsa of 
fj; from which, aa in the preceding case, we oblain 
ff {•^ 2w"t), to repreeont the vertical effect of tho ac- 
tion oijj \ and, tliere being no weight at /, this force 



\ 



* since the veiticsl reach of jk\»\ that of ij. and lh*^ir vurtiral if. 
ttoiM (bmiioDtKl Ihrust, and barUuatal resell bvln^c the wimf). as lliclr 
tMlvctire venical rvoclm, jA' must reset down w*rd alj, milh { of llie 
lUUuK fiirce ciHrtad b; ij. Then, Ifs woitilit be BiiHtH'ad«l st g. \ij 
Uie VBttieal kr. eqnal tu ^ of the neight bearioK st t, (he forers nci\ag 
U }. IlinniitU V.ik, and jg, ar« in etquillbrio. Itut IF tho wiuk'ii at g 
be lu( llian i of the pi««aur« St i. the t«uidenn">r the point j 1h upward, 
soil ncrli a Dflirig furoe avim jj.. But the action of Jj. brinm into 
play luirlwititsl rnunloo Injc, eoiial to that of jli, which fiivco jA a de- 
pratOiiK aeUon atj. eijual to {of thelin t^Jj. ^I'hlB deiirt«Bin)i power 
ed>fr. df|ienda on forRT« srilng dlrectl7*or indirrclly at it, and whicli 
Ipi ti> make up part of iho prpesare at i. Hrnre. Jit supports st tba 
njipvr end. at it. first. { of the weight bearinfi at i, in virtae of the 
borisciblal tlirunt rnvlvcd thr»n);h ij. and ivcond, | of tlie otiier i 
I there in no widghl *t g), in virtue of tlie horiiontal throiet c 

■ntal 



of llorinnital 

of the latter Ruslalning (of 

j, while jk ■DBlaiaa \\. or \ of sU 



thraM 

til nut n>unleracted 

mU£m'. Honce.jJ „ , , 

the wetirht brarln); at t, when g alone la unloaded ; and 3u . therefore, 

i* ike nuxlwam weight lUBtainvd hjr^. 

f tUncB n repreanata the sctlon of \}. doe to a preMure nf ISif ' st i. 
S»c!ia'. rhe ariboof fj.due la a prewute of lOie', it fnllows that w" 
^W ;wb™«> j'f'oljvlotnilrcqaslalyr, sndyi'=-yii, ComwqUt-ntiy. 
ft' ^ ifX, But /I rvpruaenla the lift ol J},^ Hie', whonco ft' ropM- 
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is expended in causing compression npon fk ; and is 
the measure of the greatest compression that member 
can receive through jQf. But fk is also liable to com- 
pression, or a tendency thereto, from the tension of/2 
when/ and ^, are loaded, or g alone, and the oihcr 
parts unloaded. This, however, in the former case, 
will never equal the weight at /, and in the latter,' the 
compression will not exceed that just found, resulting 
from action of jgf ; as will be better understood here- 
after.. 

Now, asjV represents the thrust ofJA, if we take Arr, 
on jA: produced, equal to^V, — raise the vertical t?x« 
fi\ and join kXj the line kx represents the resultant of 
the forces kv and ft (representing thrust oi jk smdfk) ; 
and xy, drawn parallel with ke, represents the tension 
of ke ;* This is the maximum stress of the diagonal ke. 

XXX. For, when the left half of the truss has more 
load than the left hand abutment is required by the 
statical law to sustain, it is clear that a part of the 
weight on the left, is transferred from left to right past 
the centre through dl; that being the only member 
capable of effecting the transfer. It is alfb clear, that 
such transferred weight, together with the weight at 6, 
if any, is suAtained by Uc and ek^ and causes pressure 
at i, equal to the weight sustained by Ik and ek. Also, 
that this pressure at i, causes a horizontal thrust in ij^ 
which is all transferred to Ik (except when kg is in ac- 
tion), and gives a lifting power to Ik^ equal to ^ of that 
exerted by ij (the vertical reach of the former being J 
that of the latter), that is, equal to } q{. the weight 

* The sides of the triangle kxy, being paraUel with the directiona 
of the thrust of Ik^ the tension of ek, and the resultant kx, of the 
thrust of jk and fk, which 4 forces are in equilibrio at the point k. 
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Snuerred by Ik and ek together. But tbe lifting 
power of tk is further increased by J of tlie weight sus- 
tnitied hy^, which increases the horizontal thrast of 
Ik, the same as a like amcnut sustained by ij ; also, by 
\ the weight sustained by fk; thia member hanng 5 
times the vertical reach of Ik. Now, as each one of 
these items results from the weight transferred through 
U and kA:, and is grenter or less iu jtn^portion as the 
iMt named weight is greater or less {/ and ij being un- 
loaded), since all the conditions are the same, except 
as to amount of weight, it must follow that the greatest 
Btrcsa ofck, is when/and^ are unloaded, and all the 
other points b, e, &c., are fully loaded — unless it be 
when/and (/, or one of thera, be wholly or partially 
loaded. Dut any weight at/, increases the thrust and 
lifting power of (A, through increased action of y and 
J^ both, while it diminishes the amount sustained by 
tl and Ik, whence the action of ek, is diminished, inas- 
much as it transfers to A, a less proportion of a less 
weight • 

Again, weight applied at g, while/ is unloaded, re- 
lievcfi the tension of_^, and diminishes its lifting power 
represented by _/V' and vx, and if of sufficient amount, 
relaxes j5t «"<1 bi'ings tension npoTi gk; bo that, when 
the weight at y equals w, or 7w", Ik has a lifting power 
^ ( prcsanre at i, tfsa what is due to tbe horizontal puil 
o(gk,plm, amount due to horizontal pull of ek; while 
the weight bearing at k, equals 9ic" (being weight at 
e (^ 7w") + 2ic" through dtj. Now if ek lifts as much 
M kff,tk must have as great a horizontal thrust as ij, 
and be capable of lifting ^ IGw" (^ weight bearing at 
i), H^Jtr" ; which taken from dw" bearing at k, leaves 
8|tp" aastained by ek. Then it remalus to be sees 
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whetber gk snstaiiiB more tbsn 3}u7'', so as to reduce 
the horizontal thrust of Ik below that of if. 

With the truss fully loaded except at the point/, y 
sustains Tertically,16i9'', whence JJ:, having the same hori- 
zontal thrust exerts a depresrive force»}16ic/',«10}u/% 
at J, leaving a balance of 5^', exerted by g toward 
lifting the 7uf' at g. Hence, only l^uf' remains as the 
weight sustained by gk. Therefore, the horizcmtal pull 
of «A-, is not less than that of gkj the horizontal thrust 
oflkj is not less than that of ijy and its lifting power, 
not less than 5} it'', and ek does not lift more than SJtr'', 
nor as much as when/ and g are without loadf as de- 
termined by the process above explained. 

XXXL To determine the greatest stress to which 
dl is liable, let the weights at e^fundg be removed. 
Then the pressure at t, due to the weights at 6, c and 
dy equals 6ir", that is, Iw" for weight at 6, 2u/' for that 
at c, and Sir'' for that at i We therefore take jj" on 
fj produced, to represent the thru%t of y, produced l>y 
6ir"--draw g'V parallel with.^, and from q'Y' find/r 
(of course less than^^'), and having taken h/ on jk 
produced, equal tojf\ raise the perDfsndicular rfaf » 
/y, and draw xy parallel with ek. J^hen, xy repre- 
sents the tension of db, from which we find ea", repre- 
senting the vertical thrust of d at its maximum. Also 
Xy represents the thrust of ki\ and, having taken Ut 
on Id produced, equal to Jt/, raise the vertical {f ^, equal 
to cttj* from f', draw tffy parallel with dZ, and meeting 
hn (produced, if necessary), in/, and f/ represents the 
tension of dL 

We have a short way of verifying the correctness or 
otherwise of the last result, since we know that, in the 
state of the load here assumed, 6ir'', is transferred from 
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tbe left to the right of the ceutre, necessarily through 
the tension of Je^ the only member capable of peifurm- 
iug that utfice. Henee the teusioii of dl iti this case, 
can hv neither more nor less than wliat la due 1o a lii^ 
ing power equal to Qw". Then, takiug dc" oa dm, to 
repreacut Gu}", and ilrawing the horizontal i///, we have 
dlt' ti> represent the tension of dl, anJ, if e'j'^dli', the 
resnll is probably correct Wo know, moi-eover, that 
6w" ii ihe greatest weight ever transferred past the 
centre of the Iruse, the left baud side havirjg the greatr 
«at possible load, and the right hand side, tbu least 
Uble. Tliereibre, lib' repreaeiil a tho niaximuoi 
'I, which is equal to Ciw'"*^ ''' + ^ 

If the poiola A and ^ alone be loadcil, we 
'that S'i.'" ifl transferred through i'/, and there 
being MO weight at d, thia lifting force of <//, must bo 
sastuned by the thrust of (//n. Having then, found If 
representing thrust of ml, by a process similar to that 
bjr which we obtained 1/ m the preceding case, that is, 
commencing witli jq'", representing the tlinist of ij 
tinder a weight equal to 3«", we take mi/' — If* on hn 
pqidueed, raise the vertical if'i' equal to a line repre- 
senting Sio", and draw iV parallel with cm, when we 
h»ve t'f to ropreseat the tenaion of ciiu 

XXX in. Or, we ronj take ok' on ao produced, to re- 
present the thrust of ao, due to the vertical pressure 
(— llir") at a, resulting from the weights at b and c, — 
draw iho vertical k'C, representing 7w", = weight ut ft, 
and cutting on produced in m', and I'm' represents the 
lifting force exerted by bn ; as is made obvious by 
formhig the parallelogram ^n', upon the diagonal om.'. 
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Take ho' = l'm\ and draw the horizontal o';/, then bff 
represents the tension of bn^ and cm'j the thrust of on. 
Take na,,= om', on on produced, draw ab^ « 6?^", paral* 
lei with 6n, and, from 6^, let fall 6^(;y representing the 
weight ( =7 w") at c, and the part below n»i, represents 
the lift of fm, whence we derive the tension of em. 
The result should be the same as that obtained by the 
former operation. 

XXXIV. If the point b only, be loaded, we may 
take ok'* to represents the thrast of ao resulting from a 
pressure of 6xo" at a, let fall VI" cutting on in wi", to 
represent the 7m?'' at 6, and m"U' represents the vertical 
lift of bn. Make bo" = m"L"y and draw the horizontal 
o"p'\ and we have hp" representing the tension of Jn. 
Tlii3 is the maximum stress of 6n, since 6n, can only 
sustain the weight at 6, less the excess of lifting power 
of ao over the depressing power of ow, both having the 
same horizontal thrust; which excess is repr^ented 
by A'm' and A/W, and is least when the weight bearing 
at a is least. But the bearing at a (and the lift of ao\ 
can never be less than f of the weight at 6, and k^'m" 
etc., can never represent less than f weight at 6, oi ^ 
of the lift of ao; whence m"l" etc., can never represent 
more than ^ weight at b ; consequently bn can never 
sustain a weight greater than bw" which is the amount 
represented by m"l" when b is fully loaded, and the re- 
mainder of the truss without load. 

XXXV. With regard to cm^ no simple and conclu- 
sive reason presents itself, why the result above ob- 
tained for the stress of that member when b and c alone 
are loaded, is the actual maximum. But, as the 
assumed condition is precisely analogous, as ftir as tho 
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case permits, to the conditionB aiidtr wliioli nil the 
other diagooals have been ahowD to Butl'cr tbeir maxi- 
mnm Blresscs, it is reasonable to conclude from analogy, 
«id the geiienil nature of the case, that wc have ob- 
tained the true maximum stress for cm. Should there 
be doubt whether some supposable distribution of load 
Bpoa the traan, would not produce greater stress than 
that above shown for the member in question, it is 
presumed that such doubt would readily be set aside 
by nn Knnl,ms similar to what bos ulready been gone 
Uiroogli with. 
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UpRiQirrs, OK Vertical IIbmbehs. 

XXXVI. It has already been seen [xxviri], that the 
msximuni tension of Tt-rticals equal ic, tbruugliout. 
We have also seen [xsxiv], that the li It of hi, is always 
leas than lliu weight at b ; conaequuntty vb is never ex- 
posed to comjiroHsion, unless the load be applied at the 
arch, which will seldom be found advisable. 

Wheu cm exerts its maximutu lift, the point c is 
loaded, audtbo lifting forcv of cm is all expended upoti 
the wvight ut c. But when the point b alone ia loaded, 
«i» exerts a lift, which is the measure of the maximum 
cotQpre»eioii of en, resulting from tension of cm, since 
aajr weiglit at the right hand of c, would bring more 
or lew downward action at the point m, thereby reliev- 
ing tome of the tension of cm, and consequently, 
diminishing its compressive action upon bn. The com- 
preedioo exerted upon en hy the tension of cm, is found 
to be about equal to 2k'", and very nearly the same as 
that exerted hyfj, and represented on llie diagram by 
/If [xxix], 2w", then, may be regarded us the maximum 
eoBipre«aion of at. 
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The vertical drrij can never suffer compression to ex- 
ceed 8 w^\ n greatest weight sustained by (U when d is 
without load; and if ^ be loaded, so as to add to the 
lift of dlj any weight at d, relieves dm of 4 pounds of 
compression, to every three pounds added to the lift 
of dly so that 7w'' at dj while it increases the lift of dl 
from 3m?" to 6i(?", changes the action of rfyw, from com- 
pression of Sw'\ to tension of tio". 

XXXVII. Having determined the maximum weights 
sustained by the several diagonals and verticals, we 
proceed to ascertain their respective stresses, and re- 
quired amounts of material ; as depending upon the 
length of each member, multiplied by its maximum 
stress. 

The greatest weight sustained byj(;, as measured on 
the diagram, and verified by calculation, is equal to 
8m?", or ^w ; and the length being equal to \/*/?+Ji?7 the 
stress equals j >/ /*'-fK m?> and the required material 

equals {~ + j'g t;)M. The 4 diagonals gkj eky bn and nd, 

if) • 

sustain , each, a maximum weight of 5m/', [xxxiv], with 
length =» V/i^+IJir*. Hence, stress equals { \/ A*-h H<?* ^f 
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and, material for each, =■ {f^+ iii^)^* 

The four remaining diagonals sustain each a maxi- 
mum weight of 6m;", «« t^Wj with length « v'A' + 1;«, 
giving stress equal to f>/^+7M?, whence material 

equals {^ + f i?) M. Then, multiplying the last two 

coefficients of m by four, and the preceding one by two 
for the number of pieces in each class ; adding the 
products, and annexing the common factor M, we 
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obtain for the ten diagonals, an amount of material 
equal to (7.14^'+5.626i;)m. 

The aggregate length of verticals, equals 4}i7, and 
their greatest tension stress equals w. Hence, 4.666(7,m 
represents the amount of tension material they re- 
quire. 

The two longest verticals sustain a maximum com- 
pression of 8<o" [xxxvi], or |m;, with length =- v. 
Hence material » O.SSlvu. The two next in length 
sustain compressionaf 2^, with aggregate length = 1§^, 
and require compression material » 0.416vMj mak- 
ing the whole amount of required material, as repre- 
sented by the amount of action by compression on 
verticals^ 1.S33M. 

We have, then, material for the whole truss, as re- 
presented by the amount ofactimj as follows : 

Under Compression. 

Arch, [xxvii] (42i' + 4fi?)M 

Verticals, 1Jv)m 

Total, (42^' + 6i;)M 

Under Tension. 
Chord, [xxvii] (42^' m) 

Diagonals, (7.14^ + 5.626i?)m 

Verticals, 4.666i;m 

Total, 49.14^'+ 10.292l;^M 

Making A » t? — 1, these amounts become : 
Under Compression, 48m. Under Tension, 59.432m.* 

* The difTerence between this result, and that ^ven in the sjnopeiB 
on paf^s 20 of my ori^nal work, arises from the fact that one was 
hased on a circular arch, and the stresses taken from the dia^am, and 
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XXXni. The preceding results are based on tbe 
assumption [xxvii] that the maximum tension of the 
chord, and the maximum horizontal thrust of the arch 
in all parts, are equal to the horizontal thrust of the 
end sections of the arch when the truss is fully and 
uniformly loaded. Although this may seem self- 
evident, it may not be amiss to make particular men* 
tion of some of the conditions affecting the case, which 
may lead to a better understanding of the subject, if it 
fails to amount to an absolute demonstration. 

The arch and chord obviously act and react upon one 
another horizontally from end to end, and, as weight 
removed from any part of the length, diminishes the 
amount of bearing at both ends, which bearing go« 
verns the stress at the ends, it follows that the ends, at 
least, of both arch and chord, have their greatest stresses 
under a full load of the truss. • 

It is obvious, jtlso, that no part of arch or chord can 
have greater stress than the ends, unless it be commu- 
nicated by the tension of diagonals. When the acting 
diagonals all incline one way, their united horizontal 
action only equals the difference between the horizon- 
tal thrust of the two end sections of the arch, and the 
action of chord and arch can no where be greater than 
at the end from which the acting diagonals incline. 

When acting diagonals incline inward from the ends, 
the intermediate portions of chord and arch are under 
less stress than the end portions, and cfosequently, 
less than they sustain under a full load of the truss. 
But when acting diagonals incline outward, toward the 

the other, on a parabolic arch, and Btresses mostly calcalated nomeri- 
oally ; and, from the farther fact that in one case, the weiglit waa as^ 
aumed to be applied at the arch, and in the other, at the chord ; the 
former producing more compresaion, and the latter, more tension npon 
the npnghts. 
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ends of tlie truss, the interiuediate portious of arcli and 
chord are under horizontal etress greater thnii that of 
the end poriioiia. byau amouut equal to the aggregnte 
horixoiitul action of all the acting dtagouals iuclining 
tovuvl ihc respective enda. 

Now, as no more than two diagonals inclining toward 
th« end bearing the greatest weight, can be in action 
at the same time, iu a seven panel trues, the question re- 
sulvee itself into — whether two diagonals acting in one 
direction, can ever exert force enough to over balance 
the loss of action of the end aection, resulting from di- 
IDiutshed bearing at the abutment, cnnseqiient upon 
tbn removal of load, on which removal, the action of 
diagouats aepends ? 

Aa to that question, the removal of weight from the 
central portion of the truss, must bring into action in- 
wardly inclined dingouals, while removing weight from 
one end only, can bring into action no diagonals in- 
clined toward the fiill loaded end, whence the weight 
bearing at that end indicates the greatest stress of any 
port of chord and arch which, of course, is less than 
ander the full load of the truss. 

There remains then, only the case of removal of load 
from both ends of the truss, which can produce any 
oon^iderahlo action upon diagonals inclined outward, 
w> on to give greater stress to the middle, than the cud 
portions of the arch and chord. If the weights at b 
and g be removed, the pressure at each abutment is 
diminished by i of the maximum, or, by "tio"; andj^r, 
sustaining only 3if" at the maximnm, and having the 
same inclination as ij, its horizoulal action could only 
balance the effect of 8uj" removed from ij; while (A, 
ewn if it sustained its greatest weight of dio", as It 
evidently does not, in this case, would only exert the 
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tftme boriiOQtml action ms y would do ander Stt^^ 
Hence these two diagonals, nnder their maximam 
8ti>a»e6^ which nether Baffers, in the present caae, 
would oulv compensate f of the loss on stress of arch 
and chord, due to removal of weight from the truss. 

It may, therefore, be regarded as a matter of extreme 
probability, if not a rigidly demonstrated fiu^t, that the 
arvh and chord of an arch truss, undergo their maxi- 
mum stne^ in all parts, under the full uniform load of 
the trusaL 

It is hoped and believed that the foregoing illustra 
tiou$ of the manner of determining the strains of the 
several parts and members of an arch truss of seven 
panels^ will be sufficient to enable the same to be done 
iu the ca:^ of trasses of any desired number of panels. 



THE TRAPEZOIDAL TRUSS. 

XXXIX. This trass mav be constructed with dia- 
pM^^iU and verticals^ as in Fig. 12, or without verticals, 
exwpt at ^ and v% as ^een in Fig. 13. To explain the 
oi^ratiou of th<«e trusses;, and determine the maximum, 
stf^>cNiCi» of their various parts^ we may use the same no- 
tatiK^n^ ^ueralh\ as hereiotbnp : that is, let A represent 
the honsonial^and r^ the vertical reach of the diagonal 
or oblique members^ and k the length of diagonals. 
A!a\ lei r represent the greatest movable load for a 
patte) len^h« supposed u> be concentrated at the nodes 
*^ A \i eK\* of the K>wer ch^"^ : and. let r* be equal 
to r^ divided by the number of panels in the truss (7, 
iu this ca*ie\ i<** let w — T«r*. 

Then« supposing the diajconals :Fig. 13\« not includ- 
ing the king l«ace<k w and |^^ at the ends : die verticals 
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06 tndji;, and the lower chord, to act by tension ; and 
tho upper chord, or boom, the king braces, and the 
four intermediate verticaU, to act by thrust, or oom- 
pressioD — if a weight (w) be applied at b, it will ob- 
TiODsIy cause a downward action equal to w" at i, and 
on« equal to Gw" at a. 

Fio. 12. 
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Now, from what has already been aeen, in the discuo- 
■lOD in relation to Fig. 10, the weight acting at i, can 
only do BO by acting successively, or si mill tun 00 ii sly, 
apon bn, and each diagonal parallel with bii on the right, 
by tension, and apon each compression upright and 
the king brace y, by thrust; causing upou each of 
these 10 members, a stress equal to w" upon verticals, 
and equal to w"— upon obliques; D representing the 
length of obliques, or diagonals. 

A weight (h7) at r, in like manner, causes a pressure 
of 2W" at I, thrnugh em, and other diagonals inclining 
to the right, on the right hand of c. Also, a pressure 
of 5ip" at a. But co being the only member that cnti 
transfer weight from c to the left, and, co and bn be- 
ing antagonistic — stress upon the one tending to relax 
the othffr, the result must be, that both can not act at 
the same time, from the effects of weight at b and r, 
aud only that one can act, to which the greater weight 
is applied ; and that, only with the excess of weight 
acting npou it, over what la acting, or lending to act 
DpoD the other. Now, as the load at c, tends to throw 



48 Bridge Buildiko, 

a weight of 5m?" upon co, while the load at b tends to 
throw 1m?" on 6n, the former tendency most prepon- 
derate -^ CO must sustain iu/^ while bn is relaxed, and 
the whole weight at 6, is sustained by the tension of ob. 
In reality then, cm sustains f of the weight at c, and 
none of that at 6. 

Still, the result is the same, as to pressure at a and 
t, the former point supporting 7m/' ,=■ the whole of the 
load at 6, plus 4m?" of that at c, making 11m?", » pres- 
sure due at a, from the weights at 6 and c, while the 
point i supports 3m?", all out of the weight at c. Thus, 
cm^ cU etc., sustain the same proportion of the aggre- 
gate weights at b and c, as if each weight acted sepa- 
rately, and independently of the other. 

Again, applying a weight (u;), at c/, 8u?" tends to bear 
at I, and 4u?" at a, through dn and col But as we have 
8m?" tending to act on cm, as already seen, this is neu- 
tralized by the tendency to action upon dn^ and only a 
surplus of lu?", really acts upon dn in this case, while 
the 6m?", «= pressure due at f, from the weights at 6, e 
and d^ is ail made up out of the single tv^eight at cf, 
and the whole of the weights at b and c, together with 
l2(?" from that at d, comes to bear at a, giving a pressure 
of 15m?", at that point ; still the same as if each weight 
acted independently of the others. And, in general, 
each diagonal, at all times, sustains the preponderance 
of weight tending to act upon it, over that which tends 
to act at the same time upon its antagonist Hence, 
the greatest weight sustained by any diagonal, is when 
all thp weight tending to act upon it, is upon the truss, 
and none of the weight tending to produce action upon 
its antagonist, or counter. 

Thus, when b alone is loaded, lu?'' is sustained by bn^ 
but when any point on the right of 6 is loaded, there is 



Trapezoidal Trdss, 



49 



I 
■ 

I 



tendencv to action by to, and the action of bn is de- 
mntyedorilmiiiiiahed. Therefore lie" ia the maximum 
weight eaetiiiued by 6n. When 1/ and c alouo are 
loaded with tlie weight {w) at each, cm sustains Sw", 
u already seen, witli no tendency to action in dii. 
But if 'A or any point on the right of c, be loaded, tliei-e 
is teiiduiicy to action in tin, which unst diminish or 
deatruy the action of cm. Hence, cm Bustaiii^ its max- 
imum weight (= 3io"), when th« points b and c alone 
are under their fill) loud. And, it must bo obvioua 
tbatthe maximum weight i« Huatained by each diagonal 
inctiiiiug to the ri^hl, whuu the point at its lower end, 
and all the nodes at the left are fully londc-d, and all 
those at the riglit are without loud. Hence we esta- 
bUah the following easy and expeditious practical method 
of determining the miiximnm weights and etressea 
opon tbia class of members, iu trusses with any uumber 
of panels. 

XL. Having made a rongh diagram of the tniss, as 
Fig. 12, for instance, place over ihe nodes o, «. m, Ac, 
the numbers 1, 2, 3, &c., high enough toadtnit of a sec- 
ond series inder the first, formed by repeating the 1 
ander itself, adding the 1 and 2 together and placing the 
aam (3), nnder the 2 in the upper Bcries.. Then add 1, 
2 and 8, and place the sum (6) under 3, and so on, plac- 
ing under each fignre of the upper aeriea, the sum of 
thatflgnre, and all those at the left, in aaidupperseries. 

Then, it will bo seen that each figure in the upper 
iioe, prefixixl to w", shows the preagnre cansed at the 
right hand abutment, by the weight (lo) directly under 
the figurfl, e. ff., the upper fignre 3 over d, indicates 
that Sic" is the bearing at i, produced by the weight 
(tf) at <f, and eo of Ihe other fignrea iu the upper line. 



jx '^1^ TEHsrc rsKu liseigms in the lower line, show 
ritt nyyiTariirg. c€ tbe efiects of the different weights 
in«ra. fiDroEwr^ fit^osmis fiom left to right. Thus, 
'nA ±rir* i ^^ver ibe point d^ shows that dl enstains 
i«ir\ s 2'^^'!^^'^^^ ^^^ *^ ^ fiom weights (ir) at 6, e and 
<L witSL i!j»e pxL^ ocJr are loaded ; in which caaey 
d foxs^iMi^A r^ TcaxizDnm weight, as before seen. 

Il l-t* Tiaz z.'iT, tie fignres 10 k 15 over « and /, indi- 
ssrs: ziAZ llnr^a^i lo*-", are respectively the maxi- 
nxTL v-'-jT' •* «23ta:ced by ek and 7^, while 21?r'' (= 
Sr ^ f^i-sijs ir*e icasinsom weight sustained by y, (by 
croi - r«e5:c.- :f «>sr»\ when the whole truss is loaded. 



XU. Hivirir ti.i» ascertained the greatest weights the 
«fTfnJ ■:^.-"iT:,: meciheis are liable to sustain (those 
iuL;-I"-::i^ to the left being obviously exposed to the 
ia:r.i- >:T>es5»« as those inclining to the right), we find 
r>::r iiiaxiTnTsm streases by rule 4, [xvi]; i. e., multiply 
•'• r wr-^irht bv ilie length, and divide by the vertical 
y^»i<-h of the member. Thus, the ma ximum compres- 
fc.^n of p, equals Sic^, = Sic^^^^2±Z» ^^^ ^^^ vepre- 

f^r.tative of required material, is (5^ + 8p) m. 

Ti:e maximum stress of ek equals 10w"2 «■ 
1 1 A- v^^iZ and its representative for material is 

/ 1 j!l + HrW. Or, the lengths and incUnatiolis being 
the IanK\ we may take the aggregate maximum weights 
^0*^"^"^^ by tension diagonals, reduced to terms of w, 
multiply by the square of the common length, divide 
bv r ami change w to m. The ten tension diagonals 
-.u^tJin maximum weights equal to w'^ multiplied by 
Wic^ the sum of all the figures in the lower line over 
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' the diagram, except the last, making 1Qid",=10w, and 
require materinl — (lO^ + lOi') m. 

I The tension verticals Dfiantlj^, sustain the weights (w) 
acting al& ail J ^ when the truss is tally loaded, which is 
their maxiraura stress, and they require material for 
the two,— 2''M. 
Tlie thrust uprights cl and /A, receive and sustain 
tlie innximum sustained by dl and fk respectively, 
which are the measures of their respective stresses of 
compression, being &io" for el, and lOw" for /ft, and 
the Hame for dm and en, making an aggregate weight 
of 4}w, whence, their representative for material is 

XLIL With regard to stress of the lower chord, the 

Ki«n«ion of ac equals the horizontal thrust of ao, and of 

l^urse is greatest when ao sustains the greatest weight ; 

irhich is manifestly under the full load of the truss. The 

tcu^ion of «' equals the horizontal thrust of oio (through 

A\ and the horizontal pull of oc ; and must be greatest 

IrhcD the combined action ofao and ocis greatest. Kow, 

altboflgh the weight borne by oc is greater by w" when 

he jMint b ie unloaded, than under the full' load, on 

■the other hand, the weight on ao is less by 6w", so that 

Wlb6 combined action of the two members, must be 

Mtcst when the truss is fully loaded ; since no other 

lange can increriso ihe action of either. 

Agnin, tie sustains the horizontal action of ao, oc and 

[W. when the Irnss is under a full load ; f/f and rm being 

, inarttvo in that case, since the tendency to action isthe 

nme in each, whence neither can act. Therefore nd 

aastains Btmply the weight (w) at il; w sustains the 

two weights ate and rf, — 2ic, while no sustuins the 

, witit the addition of the weight at 6, making 610 
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Biistained by the three members contribating to the 
tension of de. Now while the maximvm weights sus- 
tained by oc and nd, exceed by only 4w/' what they 
sustain under a full load, neither can be brought under 
its maximum stress, without removal of load fW)m h 
in one case, and from both b and c in the other, thereby 
diminishing the weight on ao^ by Qio" in one case, and 
by llt£?" in the other. Hence the stress of de is greatest 
under a full load of the truss, and as already seen, 
equals the horizontal action of weight equal to 6w upon 
oblique members of vertical reach equal to t?, and hori- 
zontal reach equal to K The maximum stress of €fe, 

then, equals 6u?-, and that of cd equals the same, less 
the horizontal pull of dn^ due to the weight {jv) at d^ 
and is therefore equal to bw-. 

We have for the lower chord, then, one section, de 
(with length equal to A), exposed to stress a6u7-^ 

Two sections, cd and ef. with stress « Sir— 

Four do., ac and/, =■ 8to^; 

whence, adding, multiplying by A, and changing w to 
H, we have to represent required material, 28-- m. 

XLin. It is scarcely necessary to state that the ob- 
lique members flo, and oc, exert at o in the direction 
from to n, the same force that they exert in the oppo- 
site direction upon ed. In fact, the thrust of orij and 
the tension of cd, simply act and react upon one ano- 
ther through the media of ao^ oc and ac, whence the 
compression of on, must be just equal to the tension of 
cd.; and furthermore, the thrust of nm is the indirect 
counteraction of the tension of de; and, as the two 
forces are in opposite and parallel directions, they mast 
be equal, being in equilibrio. Also, mlk must sustain 
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the same compression as mrij throughout, since the 
diagonals meeting the chord at m and Ij are inactive 
under the full load of the truss. Of course, kj is liable 
to the same maximum action as on. 

From what precedes, it cannot fail to be obvious 
that the maximum action of all parts of the upper chord 
occurs at the same time with that of the lower chord, 
namely, under the full load of the truss. We have 
then, two sections liable to a compression of SwA^ and 

three, liable to 6w?-; whence the representative of 

required material, is 28— m. We may now sum up 
the material for t]^ truss, required to support the as- 
sumed movable load through all the changes liable to 
take place, as follows : 

Material under Compression. 
Chord, (28^ XM 

Elng Braces, [xli] (6-+6i?)m 

Posts, [XLI] 4|l?)M 

Total, (84- + 104r)M 

Under Tension. 
Chord,[xLn] (28^ x m 

Diagonals, [xli] • (l(A"+10r)M 

Verticals, [xli] 2t-M 

Total, (88^+ 12r)M 

Making A =- i? =■ 1, we have : 

Compression material, 8.441^ 

Tension material, ^ 50m 

For Arch Truss, Comp. Mat, [xxvii] —48m 

*• " Tension do., —59m 
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XLIV. A trapezoidal truss without verticals (ex- 
cept at one panel width from the ends), is represented 
in Fig. 13. The members ob and oc, as alsoj^ and j(jf| 
are supposed to be so formed and connected as to act 
by tension only, and the other diagonals, so as to be 
capable of acting either by thrust or tension. 

Fia. 13. 
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If a weight (?(?), be applied at 6, it will cause a bear- 
ing of Iw'^ at ij and 6w'' at a, the same as in the case 
of Fi^. 12. Now, this weight at 6, might (if 6n were 
removed, and oc were capable of withstanding com- 
pression), be suspended entirely by o6, and supported 
by ao and oc, in proportion to the bearing produced 
by it at a and i respectively. But as bn is able to act 
by tension, and oc unable to act by thrust, the 6u/' 
bearing at a, acts through bo and oa^ while the lu/' 
bearing at t, must first act by tension upon bn ; secondly, 
by thrust upon n^, since that is the only member meet- 
ing bn at 7?, capable of sustaining weight. Hence, the 
action of the weight is transferred to c/, and through 
dl to Ij thence to/, and so on through j^, andji, to the 
abutment at i; acting alternately by tension and 
thrust, upon six oblique members, producing the 
same amount of action («■ w"^j upon each. 
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Another weight (w) nt c, must caiiao pressure nt i, 
bqtial to 2(c", and at a, equal to 5«i". The actjou tlnjre- 
bre, must be iltvided betweeu cm and oc, m the pro- 
mi-tion of 2 to 5, producing nltcrnately teiieion and 
ihrast, through the points m, e, k, g,jto i; outhe right, 
itid through CO and on, to a, on tho left. 

Thus fur, the weights have acted upon independent 
Bjrstcms of oblique members (except as to king hruccs), 
neither weigtit acting upon any member acted ou by 
Uie otlter. Itnt when a weight [w) ia imposed ut d, it 
DRst act upon the siime members acted on by tho 
H'eight at i. Tho Sw" to bit tiandfoired to /, must act 
)j tcnttiou upon <U, in concert with llie liu" nf tho 
Ireigbt at b. But the pressure at a, must l>e tncrcuBcd 
which can be trunsforrtid fnim il, oidy thmugh 
tfinaion of tfn, and da buing previously occupied in 
ewrying liv" from £>, by compression, it fullows, aincS 
lie same member can not be under compression and 
Dttensiori at tho same time, that thegreater force must 
preponderate, dn being bmiigiit nndur lenstoti due lu 
;b'e difleronce of 4w" tending to act by tensior., and 
Iw", lending to act hy tlirnst, the action of dii, being 
iitnged from thrust under Iw", to tension under Bw". 
ill the weight at b, then, ia sustained by do, together 
nth 8(c" from weight at (/, making lOio", which, with 
<w" from weight at c, makes ISw" — preesute due at a, 
tvm weights at 6, c and d. 

In the mean time, the weight at d, having obstructed 

)ie passage of lie" from b to tho right hand abutment, 

• been obliged to make compensation, by sending 

" of its own gravitating force, oateod of 8w" owed 

ly it to the bearing at i, 

Sioiilar changes of action take place when another 

wiglit (w) ifl applied at e ; which tends to throw 8io" 
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by teusion upon em, while the weight at c tends to throw 
2w" upon it by thrust, as seen above. The result is, 
that em sustains Iw'' by tension, and cm, 1m?'' by thrust, 
while CO sustains the whole weight at c, in addition to 
Iw'' from e. 

Again, a weight {w) at /, tends to throw 2io" upon 
/f, to act by tension ; but as/f is already occupied by 
4m?" acting by thrust, / is obliged to depend entirely 
upon /J; at the same time turning back 2m?", and re- 
ducing the weight previously on Ifj by that amount, or, 
to 2m?". 

In like manner, a weight applied at ^, linds gk sus- 
taining 6m?" by thrust, whereby it is prevented from 
pending 1m?" (due from it at a), to the left, through 
tension of gk. Hence, the whole weight at ^is sustained 
hfjgi and the weight acting on kg is reduced to 5m?". 

XLV. Thus we see that each diagonal (except oc and 
fj^ excluded by hypothesis), is liable to compression 
from weights at certain points, and tension from 
weights at other points ; and, it is manifest that the 
greater stress of either kind, on «ach diagonal, is when 
all the weights are on the truss, which tend to produce 
upon it one kind of stress, and none of those which 
tend to produce the opposite stress. 

Hence, if we place the numbers 1, 2, 8, &c., over the 
diagram, as in case of Fig. 12. [xxxix], it is clear that 
only alternate weights act upon the same system of 
diagonals; that only weights under the odd numbers 
1, 3 and 5 act upon diagonals meeting the lower chord 
at points under those numbers; and so of the weights 
under the even numbers 2, 4 and 6. We therefore 
form a second series of figures under the first, by placing 
under each odd number, the sum of that number and 
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•11 the preceding odd nambers, and under eacli even 
nber, the sum of that and all preceding even uum- 
bon: Then, tlie number in the second line, is the co- 
itf&cicnt of wi", to express the maximum weightaeting 
fj tension npon the diagoual inclining to the right, 
K>in the point under that number, and hy thrust, upon 
he diagonal meeting the former at the upper chord. 

For iiietunce, the figure 4 in the second line, over d, 
jboTv* tliHt lit and If, sustains 4jc", the former b; ten- 
I Hnd the lat'er by thrust. This is the weight 
Vfaich nioBt bear at i, in consequence of the weights 
X b Kud (/, the only w^ighta that ciin produce those 
pocidc actions upon those inend>er9. On the contrary, 
I lia action upon (/( and {/", is only liable to diniinntion 
fix»ra weight at/, which teuda to throw 2itt" upon the 
l«(t abutment tliron:;h tenaion of // and thrust of (/f, 
Hid conscquenlly dlminitthes the oction upon those 
bembem, due to weights at b and d. Therefore, 4u)" 
in the crcaleal weij;lit sustained by dl and If, aud 2(o", 
Ao weight sustjiined hythem whew the points b, </, and 
y&re loaded, whether the other nodes are loaded or 
not. There is, however, an alternative in this oase, 
IrMch will he noticed hereafter. 

The figure 1 over b, indicates that hn snstnins lie" 
♦jr teiMton, and nd the same by thrust, which action is 
rewned by weights at d and /, which tend to throw 
■§«" opon thcBo members, namely, 4(f", from d, and 
Sit" from/. Hence, bn is liable to \w" by tension, and 
pto" by thrust, the latter, when d and / are loaded, 
VaA b unloaded; and to bw" (acting by thrust), when 
•U the three points are loaded. 

Then, if wo form a third series of numbers nnder 
|t« WKOnd, by reversing the order of the second, the 
Mm Mriw shows the tension, and the other the thrust 
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to which a member is liable. - But as thrust action is 
not received by any diagonal directly from the weight 
producing it, but fr<Mn a tension diagonal meeting it at 
the upper chord, we do not learn the*thrust of a dia- 
gonal from the figure over it, at either end, but from 
the figure over the foot of the diagonal by which the 
compression is communicated. 

Having arranged the diagram as above explained, 
we form from it a table of greatest weights sustained by 
the several diagonals, and stresses produced thereby, 
both of tension and thrust, remembering that tension 
weights are shown by one series of figures and thrust 
weights, by the reversed series. 



Dicu/oncUs, 


Compri 
WHghU. 


tuion, 
StrMsee. 


Tention. 
VMght*. Btnuu. 


Under fuU load, 

Weightt, 
Thb. TkH. 


bn and kg^ 


Qw" 


6w"- 

V 


Iw" 


1«/'? 

« 


bw" 


em and If, 


4" 


V 


2 « 


2w"- 


2m>" 


cU and me. 


2" 


2to"- 


4 « 


4w"? 


2w" 


ek and tfn. 


1" 


Iw"? 


6 " 


6m>"? 


5 « 


j5 and CO, 



13 


k 


9 " 


9w"? 


9 " 




22 





Adding and doubling the several weights, we deduce 
the representatives of material. ' 
Under Compression, (8i}- + 8iJr)M 

Under Tension, (6f^^* + 6?t?)M 

The 2 verticals sustain each 12vo^'^ giving SfvM 

The king braces ao and y, sustain Zw each, 

requiring material for the two =■ (6^ + 6i?)M 

XL VI The stress of chords is, as in case of Fig. 12, 
due to action of obliques, and may be iairly assumed 
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to be greatest under a full uniform load of the truss. 
The brace ao has a horizontal thrust « 21m?"—, =« ten- 

sion of ab. The thrnst of bn (under the full load), adds 
6a?"— at by making 26m?"— =» tension of be. This is in- 
creased by 9m;"— for tension of oc, and by 2m?"— for 
thrust of cm, making 37m?"— for tension of erf; and, add- 
• ing 6m?"— for tension of d/i, and subtracting 2m?"— fur 

tension of dl in the opposite direction, we have 40m?"— 
■■ tension of de. 
We have then, 1 section sustaining 40m?"— ■■40m?"- 

2 " • " 87 " 74 " 

2 " " 26 " 62 " 

2 " " 21 " 42 " 

Making a total stressa208M?"-a29fM?-actingupon sec- 
tions of a common length equal to A, and therefore, 
requiring material represented by 29iJ— m. 

Upon the upper chord, we have the horizontal action 
ij andjgi, producing compression equal to 30m?"- upon 

jk. Add for horizontal action of ek and kg^ 10m? - 

making 40m?"- —stress oT kl. Again, add 4m?" for 

horizontal action of If and 2rf, and we have 44m?' - "- 
thrust of Im. 
Thus, we have for the whole upper chord, 184m?"^ 

«■ aggregate stress upon sections of the common length 
equal to A. Hence, representative for material ■■ 
£6?~M. 
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AggregaUfor whole Druss. 



Mat€r%al under CompreMtian, 

Chord, (26?^'xM 

Diagonals, ... (3?*'+3?r)M 
End braces,,.. {6^'+6f)m 



Total, (36^'+9?r)M 



UndarTetuUm. 

Chord, (29iJ~XM 

Diagonals,... (6|^ + 6|r)M 
Verticals, 8|rM 



Total, (86^ + 9fMi?) 



Making A = r = 1, Comp. 45.714m. Ten. « 45.714m« 
Grand total, 91.428m. 

We hare here a little over 8 per cent lees action upon 
material^ than in case of truss Fig. 12, with verticals. 
The ditlereuoe is a little less than was shown in my 
original analysis, that being based on trusses loaded 
at the up}>er^ and this, at the lower chord ; the former 
giving a tritle more action for the truss with verticals, 
auil a trifle less for the other. 

Morei^ver^ the difference was made to show greater 
stilU by assuming that deductions might be made on 
AOv\>unt of certain diagv>nals being liable to two kinds 
of notion. For instance, it ^^as supposed that a mem- 
Wr fornuHl to sustain a considerable tension stress, 
uught alsi> sustain a small compreanve force without 
ntlditional material ^not at the same time, of course), 
i\hioh is undoubtedly the case, on certain occadons ; 
^pe^'ially in the use of wooden trusses. This would 
give still greater apparent advantage to truss 18, with 
rt^garil to eeouv^my of materiaL 

XT^VII. There i*^ however* another view as to the 
aetion of load ujvu truss Fig, IS, which may modify 
the results abov« shown to a small extent 




If wc strike out the dtagondia cm aud me, nnil ulao 
^n<l {/, all the dettirmmate forces necessary to sustain 
uniform wuiglila at the nodes of the loivcr chord, 
would bu exerted by remaining members, altliou^b we 
hnre assigned to those members, each, the enstuiuiiig 
of weight equal to 2io" under the full load, and t«nce 
that weight under certain conditioiie of partial loud ; 
and it U quite certain that they are necessary to the 
stability of the trass when partially loaded, lint with 
both halves loaded uniformly, the weight upon eaeli 
half could be trausferred to the nearest abutment, pro- 
ducing oquiil thrust id both directions upon the coutral 
portion of the upper, and equal tension in opposite di- 
reolions upon the lower chord ; whereas, with one-half 
loaded, there is no meana by which tho preaauro due 
at the farther abutment could be transffrred past the 
centre, without oblique members in the centre panel. 
Still, which mode of action takes place under the uni- 
form load, when the diagonals are in place, is a matter 
ioTolved in a degree of uncertainty. If the centre diii- 
gouals do not act, under the uniform load, then rl; and 
j(/ niost sustain each Tw", instead of Gw" for the former, 
and Qw" for the latter, as above estimated. AUo, kg 
would sustain 7w" by thrust, and difterent results 
wonld be produced aa to stresses of various parts of 
upper and lower chords. 

The maximum stresa forf/r andrfn, and for nb kg, would 
b« Tw"- instead of 6ir'' , as found above, and would 
oorar under tho full, instead of the partial load. The 
Imsion of ly and oh, also, would be increased to \Aw", 
The weight sustained by jj, would be only Iw" under 
tbe fall load, though liable to the same maximum 
WWgbt of Sw", under a partial load. 
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For the lower chord, we ahoold hare the same co- 
efficient, (21)ofir''^ to express the tensioD of ab and i^, 
28 for fcr. So (a decrease), for «/, and 42 for de. 

For upper chord, the co-efficients of w"^ would he 
28 for on and i;, and 42 for the three middle sections ; 
no action being imparted bj diagonals at m and L 

XL\ ILL This oncertaintj of action has no place in 
trasses of an even number of panels, as in such cases, 
no transfer of the action of weight can be supposed to 
take place past the centre, under a uniform load, with- 
out involving the absurdity of supposing the same 
member to carry weight by tension and compression 
at the same time; except, however, that in case of 
diagonals crossing two panels, or having a horizontal 
reach equal to twice the space between nodes of the 
chords, there will be diagonals filling the same condi- 
tion of crossing in the centre of the truss, both vertically 
and longitudinally, as in Fig. 13. 

We may obviate mostly, any mischief liable to result 
in cases of the kind under consideration, by estimating 
the stresses upon the several parts under both hypo- 
theses, and taking for each member the highest estimate, 
which will mastij/ meet all contingencies. Estimating 
notion upon truss 13 in this manner, we obtain the 
following representative expressions for material : 

Compression. Tejisioru 
Chord, 26?-^'xM Chord, 80yJ-x u 

Diagonals, (4i*+4rM Diagonals,... (6^+64i?)m 

End braces,.... 6i'+6r)JC Verticals, 4vu 



Total, (8654^ + 10r)ii 



Total, (87i^»104»)H 
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Mntciiig A — B — 1. These expressious give, Compres- 
sion niiitcrial -■ 46.855m + Tension do, 47.714m — total 
94,57lM. 

Tliis ehowa an aggregate nmonnt of compression and 
iQiisiou action, ideiitical with that of truss Fig. 1^ 

[ILIII.] 

Deccssatiof ahd Non-decussation. 

XLIX. The elasticity of materials afiords a tncana 
of anBwering the question as to dccuasution of forces 
through diagonals crossing in the centre of the truss, 
Tortlcally and longitudinally (as in Fig. 13), iu specific 
eaaea. But the results will vary in trusses of different 
numbttra of panels, and diiterent inclinations of diugo- 
DuU. 

Suppose the truss Fig. 13 to be bo proportioned that 
tliemaximum stresses of the several parts and members, 
will produce change of length equal to E, multiplied 
l)j the It-ngths of parts respectively; the vertical ob, 
wr, being the unit of length. Then, the truss being 
uniformly and fully loaded, and the chorda being under 
their maximum stress, tlie upper chord is contracted, 
aim) the lower one extended at a uniform degree ; and, 
if th© diiigonnls be unchanged in length, their vertical 
•nd horizontal reaches have not been changed by the 
change in length of chords. Hence, the dislaiict be- 
tween chords is not altered by change in their length. 
But the diagonals being under stress, by which some 
are extended and others contracted, according to the 
Itrc8a.they are under, as compared with their maximum 
«tre«ae8 r&->pectively, the nodes of the chords are al- 
lowed to sottlo to positions below what they arc brought 
to by the mere change ia lengths of chords. 
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Hence, the panels are (generally) thrown into more 
or lees obliquity of form, in consequence of inequality 
in length of diagonals in the same panel. But the 
centre panel can not assume obliquity, because any 
tendency of forces to change the length of one dia- 
gonal, is attended by a like tendency of equal forces to 
produce exactly the same change in the other ; so that 
the vertical reaches of both must suffer the same change, 
if any, and both must be under tension or compression, 
according as the acting forces tend to bring the chords 
at the centre, nigher together or farther apart. 

Now, the forces produced by the load being alL con- 
centrated at the points o and J (Fig. 18), the point d is 
depressed with respect to o, by the extension of ob and 
ndy and by the compression of bn. Hence, assuming 
decussation to have place, giving tension to the diagonals 
cU and we, equal to what is due to a weight of 2it7", ob is 
under maximum tension and gives depression equal toE, 
to the point 6, — bn and hd are under $ maximum stress, 
and give depression, each equal to J E x d* * = 
(1.666A* + 1.666) E, for the two (d representing length 
of diagonals, =^A* + l). Then, adding IE for effect 
of ob, we obtain (1.666A* + 2.666) E, — depression of 
point d. 

The point m is depressed by extension of oc under a 
maximum stress', giving an amount equal to d^ « 
(A* + 1)E. Also, by compression of cm under one-half 
maximum stress, to the extent of ("^A' + }]lE. Hence, 
depression of point m = (IJA* + 1 J) E. 

This shows the point d to be depresseo more than 
w,by(1.666A» + 2.666) E — (1.5A« + 1.6)E -(0.166A* + 

*Let the diagonals bd and Bd, of two rectanffnlar panels ac and Ac, 
Fig. 14 (c and d, being fixed pc^nts), be exposed to tension in propor- 
tion to their respective crosB'fiections, reviving each thereby, extenrion 
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I.16G) E, and the spaces md and le to be increased tu 
tbatexteat; ut'euaraeproduciiiji; tension upon i/^uiidmr, 

jSow, by liypotheais, theae diagouals are andur lliu 
w«igbt of 2w"t giving half maximum stress, und requir- 
ing an increase of vertical reach, equal to (J/i' + Jf E. 
If then, we give such a value to k, aa will make the 
Inst co<etlicieiit of b equal to the oue above, it will 
«bow that tlio chords have receded juat euoiifrli to give 
the assumed teiiaiuii to ill and me, and the UcciisBatioii 
ia a demoustrated fact. To hnd the value of A, pro- 
ducingthiareault, niake..5/i' + .5 ™.160/i'+ l,166,aiid 
we deduce .aS-S/i' - .606 ; whence A — ^2. 

But this requires too great an iiiclinittinu of dingoiiala, 
ADd » less value of A, gives a apace from d to m too 
grtat for the Buppoaed tension ot dl&uiime. Making 
A " 1 ■» (', we have iucreaao of distance from d lo m ■• 
1.833E, requiring a weight of 2.66Gw", to stretch dl 
down to the point </. But as no weight or stresa can 
bo ttiided to the 2«i" nssigued to dl and me, wilhout af- 
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•qua) lo Vc and ll'R, TeBptctirely. This will causa the p-inis b ai 
B udrDpIo b' Mill B'. In ab and AB prodncFd. Join be and BEl 

"nwRi iha inlioitaalmal trlanslu* bb'e and 
BB'B.rlfihl-anirlodai ■• and E.arr tmariiUallv 
■iliiUar.TMiiH'ctividrnottiotriBn^tli'B db k u)9 
dBA. Hrnf. tlii> fr.ilnwinft rtOuii.mB: 
(IV W'' : h'l- : : bci ; ab. and 
m. BB' : B'E : ; Dd : ab. 
wImmb, bb' X al><>b'cxbd.a[id 

B8'Xal>- H'EX Bd, 

TWn lliMc two oqnailon* wt dcrtre — . 

m. bb'X"l>:bB'X"l>::l>'uXlxl: 

B'KXM 
Bat. bj Uic lawofslaMldl]' 
(4). b'tJ : B'B : : bd ; Bd; whimce, i 

ioi. V* X M ; B'K X Ud : : bd" : Bd'. 
B<Himi divldinti Hip finrt mtiit nt proportion (3) by ah. and Bubstitn. 
Ibr Uw lut nMoof (Si, iU eqiUvaleut found ia (5), wn have, 
hli' : HB' t ■ lul* : Bd'. 




W. 

B«BM> tbn ili^inwloo Aite Ui tlie fiitPDiiI'in of a diairnni) rvialnlng 
tbr aamv virlical rvacli. l» •« Ibu Btn-w (|ipr square inch), sttBtaiiied, 
naltlfiied Vj tUeaijiiareof lh« lengtliotdUijona!. 
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fecting all the 5 members contributing to the depression 
of the points d and m, and in ail cases, so as to dimin- 
ish the elongation of distance between d and m, it is 
reasonable to conclude that by assigning some ^, or 
thereabouts, of the extra weight of .66610" required on 
dl alone, it would, by affecting the whole 5 members, 
be sufficient to correct the error. Let us, then, assume 
that dl and me sustain 2.\bw'\ instead of 2u)" as by pre- 
vious supposition. This change requires reduction of 
weight upon rfn, nb and 60, from bw" to 4.85u?'' for the 
two former, and from 12w" to 11.85u?" for bo. Also 
an increase of weight on mc and cOj to 2,\bw" on mc, 

11 85 

and to 9.15i(?" on co. Then bo sustains -jn'-of the 
maximum, and gives depression — ^~E = .9876E 

bn and nrf, sustaining -^ of the maximum, give de- 
pression for the two, equal to 3.238E, making 4.2205E 
■» whole depression of point d. 
With regard to the point m, we have the maximum 

2 15 

stress on oc, giving depression equal to 2E, and y- of 

the maximum on mc, giving depression ■■ 1.075E, 
making a total of 3.075E for the point m. Hence, the 
elongation of the space rfm, equals (4.2205 — 8.076) E, 
=« 1.145E, whereas 2.15m;" upon dl^ increases its vertical 
reach by only 1.075E. This shows that c/2 sustains still 
a little more than 2.15m?". On the other hand if we 
assume a weight of 2,2io" on dl^ we obtain the opposite 
result, showing that dl sustains less thftn 2.2w'\ and 
hence the actual amount must be between 2.15m;" and 
2.2w'\ 

We conclude then, that dl and me are not inactive 
under the full load of the truss, but on the contrary, 
they sustain, in this case, even more than the decussa- 
tion theory assigns to them. We learn, moreover, that 




I 



the qaostion is affected by the horizoiitul reacli of the 
(liuguiiul, or t)ie valne of k. And, since in iltia cane, 
the point d beintj depressed by action upon 3 members, 
and tbe poiut m by action upou only 2, we bare an elon- 
gatioii of space between (^andni requiring luoretban the 
theoretical Btreas upou centre diagonals, it is natural to 
conclude, that, in case of a greater number of panels, 
nine, for instance, where 4 menibera contribute to tlie 
depreasionof the upper, and only three to that of the lower 
chord at the centre, the increase of distance bctweeu 
diortla, would be Uss than that required to give the theo- 
telical Htrcsa upou diagonals in the centre panel ; and, 
finch i« fouud to bo the case. In a uine panel truss on the 
plan of Fig. 13, the increase of distance between chords, 
due to the stresHos assigned by the decussation theory, is 
only about one-third of what would be required to 
give the centre diagonals the stress assigned them, 
llence iu this case there is less decussation than the 
theory requires; and, one or two trials, by assigning 
different weights as sustained by centre diagonals, in 
tlie manner pointed out above, would enable a near 
Bpproxinalion to the actual amount of decussation to 
be arrived at, in the case of the nine panel truss, or 
may olhcr. 

Let us take oue more view of this niiatler, by assum* 
ing no action by centre diagonals, under the full load. 
Then em (Pig. 13), is also out of action, and oc alone, 
Dudcr J maiimum stress, conlributes to the depression 
of point m, giving depression equal to 2xjE, = 1.55K, 
(■Mtiming A — r). 

The point d is depressed by the maximam change of 
two obliques, and one vertical, giving depression « AK. 
TborcFore the distance nuf, is increased by (5 — 1.55}E, 
»8.4oB. Hence (//and rncmnst be elongated by 1.725 
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times the amount due to the maximom stress, in order 
to escape action. Suppose the member to be of wrought 
iron, proportioned to a maximum stress of 10,000fi> to 
the square inch. Then, the extension doe to 172509) 
to the inch, is about aiVSfVimr ^ length — .00069 X 
length, and if length » 15 feet, the extension is equal 
to .00069x15, — .01035 ft. or, say | inch. 

Hence, in a 7 panel truss, as represented in Fig. 13, 
with h » Vy if the diagonals in the middle panel be 
slack, by J inch in 15 feet of length, no decussation 
will take place, and the centre diagonals will be inactive, 
u tuler the full load of the truss. If those members have 
leri4 than that degree of slackness, they will be in action 
in such circumstances. 

It would be a very badly adjusted piece of work in 
which such a degree of slackness should occur, and we 
may fairly conclude, that the centre diagonals, in this 
cluHH of trusses, are never entirely inactive. 

But,the quantity E, is so very small, with any kind 
of material, and with any co-efficient that may affect 
it, in practice, that a slight inaccuracy of adjust- 
ment, may so change the practical form the theoretical 
rcflults deduced by calculation, as to decussation, as to 
rondcr the latter of no great practical reliability. 
Hence, after all, perhaps the most unexceptionable 
Course, in this regard is, to follow the rule given before 
[xLViii], of estimating stresses on both hypotheses, 
and taking the highest estimate for each part 

Now, perhaps, this subject has been discussed at 
greater length than its practical importance demanded, 
conpidering the small percentage of error liable to oc- 
cur in any case ; but with regard to this, as well as to 
other matters, it is well to know, what may be known 




witliout iaconvenieat or nnrQaeonable effort at mvesti* 
g&tion. 

The Warren Girder. 

L. There is another form of truss operating upon 
the same principle aa truss Fig. 13, in wliich one set 
of ohliqiie raembcre is left out, so that only one diago- 
nal rGotaine to each piinel. The diagonals meet and 
connect with one another and with the chords, forming 
idteroate nodes at the upper and lower chords. This 
trass, reprcBcnted in Fig. 15, requires an even onniber 
of panels that the two half-truBaea may bo symmetrical. 

This IB an extension of truss Fig. 5, with tension 
verticals for suspending floor beams from the upper 
nodes, when the traveUwuy is along the lower chord, 
and thrust verticals ascending from the lower nodes, 
in the case of ivhat are technically called dock -bridges," 

W« compute the stresses of the members of this 
trass, by placing the figures 1, 2, S, etc., over the 
diagram ns in preceding cases, and from a second line 
or series of figures, by adding all those in the first 
series, as in case of truss Fig. 12, because each weight 
tanda to act upon every diagonal. Each figure in the 
•ecood line, is the co-efficiont of tr" in the expression 
of the greatest weight transferred to the right hand 
abutment, through the diagonal crossing the panel 
next on the right hand of the figure ; and the action is 
teoaion or thrust, according as the diagonal ascends or 
(lc«c«nda toward the right Thus, the Fig. 6 over o, 
indicates thnt6w"i8 the greatest weight acting by thrust 
npon Of, while Ij^ over the potut e, indicates lOic" as tlie 
maximum weight acting by tension upon cm. These 

■Tlipamliiir liiillt p-VHril mdUI bridKi-B iiimo (111" jikn, to curry » 
nil mail trark orer oiramoo hiitliwayit. In I84U or ItUU, btdicved m 
Imvs boBU the ftnt Mpplication of Ilila form of uusi. 
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figures only indicate weight transferred from left to 
right, and it is evident that the same weights in a re- 
versed order, are transferred from right to left, through 
the same diagonals. Hence, a third series of figures 
under the second, composed of the same figures in a 
reversed order, shows the weights carried by the seve- 
ral diagonals from right to left. The figures in the 
third line, show the weights acting on diagonals next 
on the left of respective figures. It will be seen also, 
that the figures under odd numbers of the upper Ime, 

Fig. 16. 
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f 9 i j 

indicate weights acting by thrust, and those under even 
numbers, by tension. The figures 6 and 15 over o, in- 
dicate 6m?'' acting on oc, and 15m?", on oc, both by 
thrust. Again 8 and 21 under 2, indicate Su/' acting 
on CO, and 21m?'' upon cq^ both by tension. The figure 
28 at the right and left, under 1 and 7, indicate 28uK' 
acting by thrust upon aq and jk. 

Kow if we add all the figures in the second and third 
lines standing under odd numbers of the upper line, 
we obtain the co-efficient of u?" for the aggregate maxi- 
mum weights acting by thrust upon oblique members, 
while the sum of all the figures in lil|p manner, under 
even numbers, forms the co-efficient of v/' for the ag- 
gregate maximum weights acting by tension upon ob- 
liques. The former gives 100m?",«»12.5m? for compres- 
sion, and the latter, Q8w'\^8.5Wy for tension. Ilenee, 
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making A—p— 1, we havo as expressions for amount of 
tlirust and tensioa nctiou upon materiul in oblique mem- 
bers, 26m for lliruat and 17m for tension, 

no half of the lower chord obviously eustaina a 
■ of 28'"", equal to horizontal tlirast of the end 
and the otlier half, 60w",= horizontal action of 
and CO (under full uniform loud), at cue end, and 
of corresponding dlagonuls at the other end, giving re- 
quired material for chord equiil to 44m. 

The eomprcBsion of the upper chord, equata the hori- 
sontal thrust and pull ofaq and ijc,^ JSif", fur § of ita 
length, with the addition of l-2iv" for liorizonlHl Ihrust 
of CO, and 4m" for pull of oe, making 6-lw" for tiie two 
tnidille panels, llenoe expression for iiniteriul ia 40u. 
The vertical;) obviously ruquiro tension material equal 
to 4m, and the aggrogate for the truss, U, 

Fur Com/muiun. fur Tcnfi'im. 

Chord, 40m Chord, 44m 

Obliques, 25m Diugoniils, 17Jt 

Verticals, 4m 

Total, 63m Total, 65m 



A corresponding truss with 2 diagonals in each 
pHDot, on the plan of Fig. 13, showa the same cxprea- 
eiotM for matoriaU, or amount of action of both kinds, 
itBm for item, and any advantage poasesaed by either 
plau, mudt depend essentially upon the more advao- 
tageous action of compression material. 

Truss Fig. 15, has fewer intermediate thrust diagonals, 
and greater concentration of weight upon them ; which 
if farorable ; while in the other, the diagonal crossing 
oao another, are enabled to aflbrd mutual eupiiort 
laterally, in certain iiiodea of construction. 
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Tlio upper chord in Fig. 15, acts at a decided disad- 
vantage, iu having no vertical support for a length of 
2 panel widths, unless it be especially provided at ad- 
ditional expense. As a deck bridge, with strata, or 
posts at ;>, 71, Ij and lateral tying and bracing, the truss 
may answer an excellent purpose. But even in that 
case, it can scarcely be considered as preferable to the 
truss with a double system of diagonals. 

The Ohio river bridge at Louisville, Ky., has its long 
spans (about 400 ft.), constructed upon the plan of Fig. 
15, und no plan which we have considered, shows a 
loss amount of action upon material. These are believed 
to ho the longest spans of Truss Bridging in the country. 

An eight-panel truss upon the plan of Fig. 12, gives 
the following expressions for amount of material. 

Compression. Tension, 

Ch(m\, 43m Chord, 41m 

Knds, 14m Diagonals, 28m 

Verticals, 7m Verticals, 2m 
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This indicates a difference of nearly 4 per cent, as 
to amount of action upon material, in favor of the truss 
without vertical members, generally speaking; t. e. in 
wh'u^li there is no regular transfer of action from one to 
unothor, between diagonal and vertical members, as in 
truss Fiir. 12. 

This advantage is made still larger in certain modes 
of construction, by the circumstance that the same 
TuoinhiTs, in trusses 13 and 15, may sometimes act by 
tension and thrust, on different occasions, without any 
more material than would be required to ac< in one 
direction only. 
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LL It may be proper in this place, to refer to EtUl 
■uother form of tcussing, wiiicli bns eujoyed a degree 
bf popular fuvor, and which diSurs somewhat from 
maj we have hitherto considered. Tlie plan is seen in 
Oatliiie, iu Fig. 16. Each weight issusiuiued priraarilj' 
lib; a pair of eqaally iacliued tension members, and 
thereby tranafcrred either to the king posts standing 
>oD the abutments, or, to posts siistnined b; other 
Xiairs of equally inclined suspension rods of greater 
Btorizoutal reach ; which in torn, trunsl'ur a part to 
King posts, and another part to u post sustained by 
phliques of atill greater reach, until finally, the whole 
Kmuiaiiig weigiit is brought to bear upon the abut- 
ments Iiy a »ng1e pair of obliques, reaching from the 
Mntre to ouch abutment. 
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Id Fig. 16, are represented three ditfurent lengths of 
lobliques, iu number, inversely as the respective hori- 
Dlul rcachcB. The first set contains 8 jiiecea reaching 
lliorizoutully across one panel, and sustaining each ^w, 
VThe next longer set, of four pieces, reach across two 
l|niicla, and sustain each Iw ; one-half applied directly, 
I ibK other, through posts and short diagonals. The 
fttiiird utjd longest sot, contains but two pieces, reach 
fl four panels, and sustain together 4w; of which iw 
Els applied directly, Iw through two short diagonala, 
■and Sw through two iutemiediateB. 

Kow, as each set sustains the same aggregate 
(right, uamoly 4w, tbe material in each set, vill 
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Iiti roproMontod by this weight moltiplied bj the 
Hfiuaro of the loiiijthB respectively, and divided by v: 
liiid, making k ^ v ^ 1^ the sqoares of reqwctiva 
Inif^tliH an^ 2, 6 and 17, which added together and mol- 
tipliod by Aw^ and to changed to M, gives 96MMainoant 
of nuitorial in tension obliques, the only tension mem- 
brrri in tbo tru8H. 

Tho nppor chord sustains compression equal to the 
hori/.ontal pnll of one oblique member of each cbss, 
obviounly iH|ual to IQlw^ with length ■■ 8. Hence, re- 
((nirud niatorial equals 84m. End posts sustain to- 
gotliur, 7(r, oentro post Sio^ and the two at the quarten, 
onu w oarh, in all 12»r, and the representative for mate- 
rial Ih TJm ; whonoo tlio total for thrust material is 96m, 
nuiking a fi^rand total of thrust and tension material^ 

Tho 8 panvlK trapezoid with verticals, requires,... 135m 
Do '^ ^^ without verticals, ISOm 

This ronq)ari.4on exhibits an amount of action in 
case of tho first (Fig. 16), which, considering that it 
]>08so8808 no apparent advantage as to the efficient 
working of compression material, would seem to ex- 
clude it, praotically, from the list of available plans of 
construetion. 

DiSTINCTIVK ChARACTKKISTICS OP THE ArCH. 

LTI. We have seen that all heavy bodies near tho 
earth's surface (except when falling by gravity or 
ascending by previous impulse), exert a pressure upon 
the earth equal to their respective weights. We have 
also seen that the object of a bridge, in general, is, to 
sustain bodies over void spaces, by transferring the 
pressure exerted by them upon the earth, from the 
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WlatS ImmediHtelj' beneath them, to poiiita at greater 
\ or Ic-sa horizoutul diataricea therefrom. 

We have, moreover, iieen that this bonzonta] trana- 
I fer of preaaurc can only be eti'ecteil by oblique forces 
I (neitbor exactly horizontal nor exactly verlio-al), and 
I liave dUciisBud and compared, in a general way, various 
I corabiuationa of itiombers, capable of effectiog this 
I Itorizontnl tmusfer of preseure. 

Bot, without going into unneceaaary recapitulation, 
we find two or three atylea of truaaiug, poaseasiug more 
or lesB diatitictive features, which promiae decidedly 
. more economical and satisfactory reaulla than any 
I others; and, to make the properties and principles of 
I action of the best and moat promiaing plana as tho- 
\ woyhly understood as may be ivithin the proposed limits 
I of this work, will form a prominent object in the discos- 
Itious of succeeding pages. 

The distinctive feature of the arch, as a austaining 
I stractare, consintA in the fact that all ihe oblique action 
required to sustain a uniformly distributed load, is ex- 
erted by a single member of constantly varying ob- 
liquify from centre to ends ; each section sustaining 
nil the weight between itself and the centre, or crown 
J of the arch, and none of the weight from the section 
I to the «nd ; so that the weight sustained at any point, 
lis as the horizontal diatauce of that point from Ibe 
I centre. Consequently (the arch being supposed in 
Icqoilibrio under a uniform horizontal load), the hori- 
■ jtontal Ihrnst at nil points must be the samo, and the 
lioclinntion of the tangent at any point ahould bo such 
l-that the square of the sine, divided by the cosine of in- 
Iclinatton (from the vertical), may give a constant qao- 
For, rc^Arding each indefinitely short section 
if the arch as a brace coinciding with llie tangent at 
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the point of contact, its horizontal thrust eqaals the 
freight sustained, multiplied by the horizontal, and di- 
vided by the vertical reach of the brace. But the 
horizontal and vertical reaches are respectively as the 
sine and cosine of the angle made by the tangent with 
the vertical ; that is, as aJb and W, Fig. 17, while the 

weight is also as the sine ab^ 
of the angle adb. Hence, the 
weight by the horizontal 
reach, is as a6^, or as the square 
of the sine of adb ; and the 
constant horizontal thrust of 
the arch at all points, is as 



Fig. 17. 




ab^ 



ab' 



Now this condition is answered by the parabola, in 

which6c = crf-i J 6rf, and ^-»J^— constant C, whence 

al^^cb X constant 2C, which is the equation of the 
parabola. 

This quality of the arch truss, allowing nearly all of 
the compressive action to be concentrated upon almost 
the least possible length, and consequently, enabling 
the thrust material to work at better advantage than 
in plans where this action is more distributed, and acts 
upon a greater number and length of thrust members, 
enables it to maintain a more successful competition 
with other plans than we might be led to expect, in 
view of the greater amount of action upon materials 
in the arch truss, than what is shown in trusses with 
parallel chords. Hence, we should not too hastily 
come to a conclusion unfavorable to the arch truss, on 
account of the apparent disadvantage it labors under, 
as to amount of action upon material. These apparent 
disadvantages are frequently overbalanced by advan- 
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tagea of a practical character, which can not readily bo 
redaced to moasuremcnt and catcalatioD. 

The preceding generai compariBona are tobc regarded 
only M approximatious, and should not be taken ii4 
eoQclDsWe evidence of the superiority or otherwiae, of 
Any plan, except in case of very considerable difference 
iu amount of action, with little or no probiible advau- 
'tago io regard to efficient action of materiul. 



EFFECTS OF WEIGKT OF STRUCTUTIE. 

TAIL In preceding analyees, and estimates of 
Btreases npon the various members in bridge truaaes, 
JVgurd had uuly been had to the eliects of movable load, 
vbich may be placed upon, or removed from the struct- 
ure, producing more or lees varying strains upon its 
■everol parts. 

But the materials composing the structure, e\-idently 
ftct in a similar manner with the movable load, in pro- 
ducing stress upon its members; the only difference 
being, that the weight of structure is constant, always 
exerting or tending to exert the same influence upon 
the members, instead of a varying action, 6ucb as that 
prodoced by the movable load. In order, therefore, to 
know the absolute stress to which any member is liable, 
Bod tlicreby to be able to give it the required strength 
and proportions, we have to add the stresses due to 
constant and occasional loads together. 

The weight of structure evidently acts upon the 
tmaa in the same manner as if it were concentrated at 
Ibe nodeo along the upper and lower chords, and of 
flie areb, in case of the arch tross. And, since much 
tbe Urger proportion of it acts at the points where the 
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movable load is applied, if we regard the whole as 
acting at those points, the results obtained as to stresses 
produced by it, will be sufiiciently accurate for ordi- 
nary practice. Still, more closely approximating results 
may be obtained by assigning to both upper and lower 
nodes, their appropriate shares cf weight sustained, as 
may easily be done when deemed expedient. 

If we divide the whole weight of superstructure sup- 
ported by a single truss, by the number of panels, the 
quotient, which we may represent by «?', will show the 
weight to be assumed for each supporting point, on 
account of structure ; and the stresses produced by such 
weights, added to the maximum stresses of the several 
members, due to the movable load, will represent the 
true absolute stresses the respective members are liable 
to bear. 

Now, as far as relates to parts suffering their maxi- 
mum stresses under the full load, such as chords, 
nrv'hes, king braces, and verticals in the arch truss, as 
to thoir tension strain, we have only to substitute W, 
^Mtr+ir'), in place of tr, in expressions obtained for 
Htn^HHos duo to movable load. In other cases, w and 
\v* will have each its peculiar and appropriate co-efli* 
olont* 

Tho diagonals of the arch trass, are obviously not 
ai)\'ot<Hl by WiMght of structure, as they are not so 
undor \\\\\ and uniform movable load. Moreover, the 
xvoi^ht of ^(truoturo acts in constant opposition to the 
o\MU)^i\^:^ivi> action of movable load upon verticals. 
UoiuH*, in tru« Fijr, 11, where we find the varying 
luovablo Kvid jti^*^"^ * maximnm compression upon the 
lou)(^t« iH)ua) to &ir'\ and upon the next shorter, equal 
Us )iM*'\ \\\^ wvxjc^t of rtruoture diminishes those quan- 
tltl^a to a#"--**; and 3^-"— *r' w^peciively. Or, if we 
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L would be more exact, we ma; add in both cnsee, the 
I weight of 8 eegmeut of tbe arcli, which has no tendency 
I Co produce tension upon the verticiils ; or we may aub- 
l^raot only 8 or } of w'; Ihaa, 3«j"— §u/, and 2.w" — Iw', 
1 tnay bo taken to represeut the compreaaive action upon 
I tiie vcrticaU in Fig. 11. 

LTV. Iw'the case of truss Fig. 12, the only diagonals 
I vcting nnder uniform load, are oc,_ff, rid and ek; the 
I two latter sustaining, of weight of structure, Iw', and 
B tbe two former, 2(d'. And, the tnnximum movable 
r weight borne by those members, being [xi.] lOw" aud 
I loip", the abdclute maximum will be 10w"+w' for nd 
I and eJt, and low"+2w' for oc and_^. 

Now, if we place the figure 1 under (^ and e, (Fig. 12 

A], and the figure 2 under c and /, and so on, in case of 

•greulcr number of panels, to the foot of the lust diagonal 

Cftcb way, inclining outward from the lower nodes, these 

I figures are obviously, the co-effioients of w' to exj-reas 

Ltfn weights contributed by the material of the stru - 

' ture, to the stresses of diagonals extending upward and 

oatward fn:>m the points to which the figures respect^ 

ively refer. 

Pio. 12 A. 
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cm. But, since, as we now see, the weight of stractnre 
tends to throw a constant weight of 2u/ upon ae^ which 
is antagonistic to brij the actual maximum weight upon 
6n, is Iv/' — 2m?', which will always be a negative quan- 
tity, in practice ; whence bn must always be inactivey 
and may be dispensed with. 

The maximum weight upon C77|, as modified by 
weight of structure, is in like manner reduped to 8u/' 
— w\ which will in practice, be either negative, or of 
quite small amount Hence, we have the following 
rule : For the absolute maximum stresses of diagonals 
(in case of parallel-chord trusses with verticals), we 
add the effects of weight of structure to the maximum 
effects due to variable load, where both fall upon the 
same, and subtract the former, in cases where the two 
forces fall upon counter, or antagonistic diagonals. 

In case of parallel-chord trusses without verticals, we 
add the effects of constant and variable U)ad upon each 
diagonal, when alike, i. e., when both tensile or both 
compressive, and subtract the former when the effects 
are alike. 
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DOUBLE CANCELATED TRUSSES. 

LY. The use of chords in a truss being to sustain 
the horizontal action (whether of thrust or tension) of 
the oblique members, it follows that the aggregate 
stress of chords, is equal to the aggregate horizontal 
action of all the diagonals acting in either direction. 
And, the horizontal action being obviously as the 
number and horizontal reach directly, and as the ver- 
tical reach inversely ; also, the length of truss being as 
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t ti)e namber and horizontal reach of diagonals, while 

the rertical reach ia as the depth of Imsa, it tallows 
< that the atru^a of chords is directly as the length and 

invorEHily as the depth of trass, other conditions being 
' tb« same. 

Hi-Dce, if the depth of truss he so reduced aa to make 
I tho ratio of length to depth indefinitely large, the stress 
I and required material of chords, become indefinitely 

large. On the contrary, if the depth be indetinitely 
, great, although the etrosu of chords be ever so small 

the length and required material for diagonaIn aud ver- 
L ticals must be indetinitely large. It is mnnifest, then, 
t between these two extremes there is a practical 
loptiiDum, — a certain ratio of length to depth of truss, 

■ which, though it may vary aotnewhat with circom- 
lstAiicde,witl give the best possible results as to economy 

■ of material in the trass. This matter will be taken 
linto consideration hereafter, and is referred to here, 
ito show the expediency of generally increasing the 
[ depth, vrith increase of lengths in tlie truss. 

Now, ill trusses of conaidentble length, an<), couse- 
qaently, depth, it becomes expedient, in order to avoid 
too great a width of panel (horizontally), or an inclina- 
tion of diagonals too steep for economy of material in 
those members, to extend them borieontally across two 
or more panels, or spaces between consecutive nodes 
of the chords. In each cases, the truss may be called 
doable or treble cancelated, according as the diagonals 
eroH two or three panels. 



LVL To estimate the stresses of the members of 
I doable cancelated trusses with vertical members, a 
I Bllglil modification of the process already described, 
IrxL, Ac.], is required, as follows : 
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Having placed the numbers 1, 2, 8, &c., over the 
nodes of the upper chord, as seen in Fig. 18, place 
under each odd number, the sum of all the odd num- 
bers in the first series, up to and including the one 
under which the sum is placed ; and the same with 
respect to the even numbers. Then, the second series 
of figures may be used in precisely the same manner 
as that explained with reference to Fig. 12, to deter- 
mine the weight sustained by, and the maximum stress 
produced upon, each diagonal and vertical, by equal 
weights upon all or any of the nodes of either chord. 

For example; supposing the truss to have tension 
diagonals and thrust verticals; take the diagonal hav- 
its lower end under 5 (upper series), and its upper end 
under 7. This diagonal may be represented by 5/7, 
while 5\7 may indicate its antagonist, and so of other 
diagonals. Then, as we see 9 (the sum of 1+3+5), in 
the second series, over the l9wer end of 5/7, and, as the 
diagram represents a truss of 16 panels, we know that 
the diagonal in question is liable to a maximum 
weight of y*gW, ■■ 9m/'. This amount is to be dimin- 
ished, of course, by the weight due from weight of 
structure to the counter diagonal. 

Affain,thediagonal9/ll sustains as a maximum from 
variable load, 25ii/' ; which will require to be increased 
on account of weight of structure, since the latter, in 
this case, acts upon the main, and not upon the counter 
diagonal, as in case of 5/T. 

Now, to obtain the effects of weight of structure and 
uniform load, the truss having even panels, we place } 
under* the centre node of the lower chord, because 
half of the weight m/, which is supposed to be^concen- 
trated at that point, tends to act on each of the dia- 
gonals rising from that point 
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At the next node from the 
9eDtre, each way, the figure 1 
is set, hecuuse, of the weightB 
(«)'),concentrated at those pointB, 
iS each bears upon itsoearest abut- 
ment (the truss being uniformly 
loaded), through the diagouals 
running upward and outward 
S from those points. If this be 
not BO, each mast transmit a part 
n of its amount paat the centre, 
through the antagonistic dio- 
3- gonals 7/ 9 and 7\9, which is 

contrary to statical law. 

- Then we put IJ, 2J, 8J, etc., 

nnder alternate nodes from the 

H- centre, and 1, 2, 8, etc., under 

alternates beginning at the first 

^ on each side of the centre ; as 

shown in diagram Fig. 18. 
^ These figures form the co- 
efficients of w', to indicate the 
„ weights acting, or tending to 
act, upon the diagonals running 
^ upward and outward from these 
numbers respectively, arising 
from weight of structure, and 
also, the co-efficients for (w+uf), 
to express the load tending to 
" act on diagonals, arising from 
t)oth Boperstructure and mova- 
ble weight, when the tmss is 
fully loaded. For illustration ; 
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the diagoual h/*l we have seen to be liable to a 
maximum stress of ^w" from variable load, and, as we 
have the ligare 1 at the foot of 5\7, it ehowa that 
the weight due to the latter on account of stracture 
is \w\ which must be subtracted from ^fw" to obtain 
the Qjclual maximum to which 5/7 is liable; which 

If w' be equal to or greater than %w"y then 6/7 is 
subject to no action, and may be dispensed with. As 
to the advantage of introducing counter diagonals, 
merely for the purpose of stiffening the truss, the results 
of my investigations will be given in a subsequent part 
of this work. 

The maximum weight sustained by any thrust up- 
right, is manifestly equal to the greatest weight borne 
by either diagonal connected with it at the upper end, 
since any weight borne by 3/6, for instance, being 
transferred to the antagonist of 5\7, thereby dimin- 
ishes by a like amount, the maximum action of the 
latter. Whence the upright at 5, can receive no more 
load from the two diagonals, than the maximum load of 
one, and this relation holds in general. 

The reason of adding alternate figures to form the 
second series over the diagram, will be obvious, when 
it is observed that there are two independent systems 
of uprights and diagonals ; one of which includes the 
uprights under even numbers in the upper series, and 
the diagonals connecting therewith, and the other, the 
remaining uprights and diagonals. Now weight applied 
at the nodes of either of these systems, can only act npon 
members of that same system ; that is, weight applied 
at nodes indicated by even numbers in the upper series 
can only act upon the first above named system of up- 
rights and diagonals, and vice versa. 




The maiQ end bracea are acted apon by both i 
; 80 tbat to obtaiu tbe weigbt Buatained bytlrem, 
We must add the iiambere 56 and C4 (and corrcspotid- 

f numbers in other cases), making in this case X20m" 
eqnal to 7^)". 

I The aprij^lits uDder 1 and 15, Bustain each a tension 
equal to w, for vaiiable load, and to w+w", for weight 
If vEiiable load and superstructure together ; which 
lUtriously gives their greatest strain. 
I Having thus determined the greatest weights to which 
Vie several verticals and diagonal members are liable, 
we proceed as in former cases, to multiply those 
' weights liy lengths of diagonals, and divide the pro- 
dacts by lengths of verticals, to obtain the stre^es of 
-.diagonals; rememhering to take into account the dif- 
!%Qce in length between those having a horizontal 
ich of only one panel, at and near the ends of tlie 
TIM, ond those that reach across two panels. 
The mode of estimating the stresses upon the difler- 
mt portions of the chords, depending upon the hori- 
EOntal action of diagonals, has been sufficiently ex- 
plained. It is only necessary tu observe that the end 
8 produce comprwaion upon the upper, and ten- 
tioo upon the lower chord, through their whole lengths, 
eqaal to } {w+tif), multi^ied by tbe number of nodes 
of thu lower chord, Jind tbat product multiplied by - . 
and that CAi'b pair of intermediate diugonals analo- 
gously situated with respect to tbe ends of the truss, 
whether acting by thrust or tension, produce tension 
and tlirnst in like manner, upon the portions of tbe 
lower and upper chords, between their points of oon- 
Dectioti with the chords. Thus is generated a progrea- 
nvQand determinate increase of action upon succeeding 
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portions of the chords from the ends to the centre of 
the4;ru8s. 

In the case of a deck bridge, the weights sastained 
by thrust uprights, are respectively indicated by the 
figures over the diagram on the right hand half of the 
truss, prefixed to w'\ for movable load, and the fignrea 
under the diagram prefixed to i£/, for weight of struc- 
ture, being the same weight which gives the maximum 
stress to the diagonal running upward and outward 
from the foot of the upright. Tension verticals at the 
ends sustain no weight. 
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TRUSSES WITHOUT VERTICALS. 

It will be seen upon a general view of the action of 
the difi^erent parts of a truss with parallel chords, that 
the diagonals (and verticals when used), form media 
through which weight acting upon the truss, is reflected 
back and forth between the upper and lower chordsy 
until it comes finally to bear upon the abutment 

A weight applied at one of the nodes of the lower 
chord, of course, cannot be sustained by the tension 
of that chord, which acts only in horizontal directions; 
but is suspended by a tension piece, whether oblique 
or vertical, from a node in the upper chord. But the 
upper chord acting also horizontally, cannot sustain the 
weight. Consequently, a thrust member, either oblique 
or vertical, must meet the force at that point, to prevent 
the weight from pulling down the upper chord, and 
destroying the structure. 

Hence, we see, that in all the cases we have consid- 
ered, of trusses with parallel chords, the weight, whe- 
ther applied at the upper or lower chord, acts alter- 
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ttatfly upon thrust and tension pieces, ^itcuding 
directly or obliquely from chord to chord. 

With reference to Fig, 18, we have regarded the 
weight a9 transferred from tension diagonals to thrust 
Terticabt, and the conlrary. But if we conceive the 
T«rlicitlij to be removed, except the cudmoat, we have 
ou\y l^> ineiirt a thrust brace from the abutment to the 
wcond node (or the firet from the nngle), of t!ie upper 
ehoni, and lo so form and connect the other diagoiiuls 
M to enable them to act by either tension of thrust, 
U)<lwohiive a truss capable of sustaining weightaappliod 
■t all, or any of the nodes of the upper and lower 
ebi^hls, in the atimo manner as the truss wUh verticals, 
represented in Fig. IB. In Ilii4 emulition, the trnsn 
will act upon the ]iriuciples discu!ised with reference to 
Fig. IS. For this modification of the tines, see Fig. 19. 

To ostimato the stniina upon the several parts of 
mch B truss, due to weights ic, tr, etc., at the nodes of 
the lower chord ; we may place the lignroa 1, 2, 3, etc., 
over Uie nodes of the upper chord, iia was done in the 
cue of Fig. 18. But, instead of adding alternate fig- 
ures to form the second series, to be used as co-cfii- 
cienta of it", for expressing the weights suatiiined by 
diagonals, we add every fourth figure ; because it is 
only the weights at every fourth node, that act upon 
Uifl same aet of diagonals. 

For instance; the weights at 1, .5,9 and IS, act upon 
tbeir peculiar sot of 8 pieces (excluding the end braces, 
bat including the tension vertical at 1), and none of the 
weights at the other nodes have any action ujion those 
pieces ; as is made obvious hy an inspection of Fig. 19. 

Again, the weight at 2, 6, 10 and 14, have their pe- 
ealior and independent set ; and ao of those at 3, 7, 11 
and 15, and those at 4, 8 and 12. Therefore, in form- 
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iDg our second eeries of num- 
bars, we place uudereach fignre 
of the first Beriee, the sam of 
that figure, added to every 4tb 
figure preceding; that ia, under 
12, place the sum of 12, 8 and 4 
» 24. Under 5, the sum of 5+ 
1 —6. The four first figures, 
having no 4th preceding figures, 
are simply transferred, without 
addition or alteration. 

These numbers in the second 
series, are the co-efficients of w" 
(— u) divided by the number of 
panels in the truss, being 16 in 
this caae), to express the greatest 
weights acting by tension on 
each diagonal having its lower 
end underthennmber used, and 
the upper end under a higher 
number. Also the weight act- 
ing by thrust upon the diagonal 
meeting the former at the upper 
chord. The last, or highest 
number, determines the weight 
sustained by the tension vertical 
nuder the number, the vertical 
being a memijer of one of the 
four sets ot alternate thrust and 
tension pieces connecting the 
two chords. 

A third series of figure*, 
formed by reversing the order 
of the second — ^placing the low- 
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■•«( number of the third uoder tbe liighest of tlie ee< 
>ond series, aud vice versa, prefixed us before to w", 
.will ehow the weighu suatuined by thrust and tensioD 
of diagonttls in the reversed order; i. e., whereas one 
s shows the amouut of teiiaion a partieulur diago- 
nal is liable to, the reversed aeries shows the thrust 
tlio sume piece muet exert in a different condition of 
Ok load. 

Thus we ascertain, as in the case of truss Fig. 18 
^SLv], that nearly all of the diagouali* are exposed to two 
kioda of uction, thrnst and tension ; and it ia only the 
preponderance of the larger over the smaller of these 
forces, which )uis place when tbe tT»a» is fttlly loaded, 
md it is only tMs prepoiidt'runce wliioJi is to bo used 
isoo-efficient to {w+w') in estimating tbe strcssos upon 
tbe different portions of the chords, mid aa co-efficient 
|o w", in modifying the effects of tbo variubk load upon 
iiuigonuls, as atlected by weight of structure. But it ie 
> bo remembered that <hc numbers over tbe diagram 
ro to be divided by the number of panels, before being 
sed before 19 and w', in the expression of etreesea of 
members. Thus, we have, aa the effect of variable 
, opon the diagonal 2/4 ..., £(c"(= w), as the 
reatest weight acting by tension, and 1 >c, the great- 
; acting by thrust Hence the weight upon this 
piece, dne to weight of atructure, is (--.^ir',— »c',andit 
■duces tbniat or corapresaion, because the thrnat 
leodeDt-y ie tbe greater. This weight (w'), added to 
If, the greatest effect i-f variable load shows the maxi- 
bam weight which can act by thrust upon that diago- 
kl, to he to-t-w'. We have, also, for tbe greatest 
•i^t octing by tension as modified by weight of etrao- 
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ture, ^-ur — ir', which is m negatiye quantity when w ib 

lesa than Stf^, as will osoaUy^be the case in practice ; 
condoquently that diagonal can seldom or never be ex- 
posed to the force of tension. 

Again p\^ic+tt/K (A and v representing horizontal 
and vertical reaches of the diagonal, as in previous 
didcassious), is the amount contributed toward the 
maximum teusion of the lower chord by the diagonal 
iu question, not affecting, of course, that portion of 
the chord outside of the connection therewith, or a 
like portion at the opposite end. 

LYIIL It is to be remembered that the tension or 
thrust of a diagonal, is always equal to the weight sus- 
tained, multiplied by the length, and divided by the 
vertical reach of the diagonal. 

The method here under discussion for estimating 
stresses, seems to need no farther illustration. But 
the question as to decussaHan^ affects the case of Fig. 
19, as well as that of Fig. 13. The two sets of dia- 
gonals which meet the upper and lower chords in the 
centre, have symmetrical halves on each side of the 
centre, and no action can pass the centre upon either, 
when they are uniformly loaded ; whereas, the two sets 
to which 7/9 and 7\9 belong, have the half of one 
on either side of the centre, a counter part to the half 
of the other set on the opposite side ; and the diagonals 
7/9 and 7\9, will act or not, according as their op- 
posite points of connection with upper and lower chords, 
are carried farther apart, or the contrary. Now, as 
the points 9 and 7, upper chord, are depressed by the 
change in one vertical and 8 diagonals, while the op- 
posite points at the lower chord are depressed by the 
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change in 3 diagonula only, we might naturally expect 
to fiiiil grcHter depies^ioii in tbe upper tbau the lower 
points ; tlioogh Ibis does uot follow as a matter of iie- 
ee«sity, since tlio less number of members, by being 
more ueurly under a maximum stress, migbt giva 
greater depression than tbe greater number, under leas 
fitresa, a8 compared witb tbeir maximum. Now, the 
verttual at 1, being under maximum wt;ight, gives ile- 
preaaion « £ ; (adopting the notation used with refer- 
euce to Fig. 13 [XLIX.]}. Tbe two diagonals 1/3 and 
S\& being under 11 maximum, give depression equal 
toJ{x4E(makingft=-y-"!), = 3.8lE; whilethediagonal 
h/1, under ^ maximum, gives depression =a 0.4xt!E. 
— 0-8E, making a total depression of point 7, upper 
chord, — 6.6 IE. Agaiu, tbe diagonal 1\3, uudeAuaxi- 
mnm stress, gives depression ™ 2E, while Z/b and 
6\7, under j \ maxm u m stress, give depreesiou = J X 
4E, * 3^'2E, making a total for the point 7, lower chord, 
equal to 5. 2K, which isfessbyO-41E, than the depression 
of the opposite point in the upper chord, whereas it 
ibould be greater by 0.8E, in order to give to 7\d and 
Ty/di the tension assigned to them by the decussation 
tlieory. 

But we must not conclude from this fact, that there 
is no decussation in this case. For, if we assume that 
7\fl i« inactive under the full load, it follows that 6/7 
is «lso inactive, and that 1/3+ 3\5 sustain only Jf 
Duuimura stress, producing J } E, >- 3.05 E, which added 
to IE for the vertical at 1, makes 4.05 E, >= depression at 
point T, upper chord ; while the 3 diagonals contribut- 
iDg to depression of the opposite point in lower chord, 
■re under maximumslress, producing depression b6 E. 
Hence, we see, that upon this hypothesis, Ifae distonce 
b«liveeii these two points, measuring the vertical reach 
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of the diagonal) is increased by (6 — 4.05)E >« 1.95 E. 
This can not be, without producing tension upon dia- 
gonals 7\9 and 7/9. Since then these members can 
not be entirely without action, and as previously shown, 
they can not have as much action as the decussation 
theory assigns to them, it follows, in this case, that they 
must acty but witli less intensity than the theory as- 
signs them. 

In this case, as well as in that of Fig. 13, the result 
would be changed somewhat, by taking into the cal- 
culation the weight of structure, which would change 
to a small extent, the relation between the maximum 
stresses of diagonals, and the stresses they sustain un- 
der lufull load. For the stress due to weight of struct- 
ure, IS constant, and that due to variable load, is greater, 
upon most of the diagonals, under certain conditions 
of a partial, than under a full load. Hence, while 
6\7 sustains (under full load), only jf maximum upon 
that part of the material provided for variable load, it 
sustains a full maximum upon the part provided to 
sustain weight of structure. It is easy enough to take 
these things all into account, in estimating the amount 
of decussation in special cases. Still, it is doubtful 
whether any better practical rule can be adopted, than 
the one previously given, [xlviii] ; namely, to estimate 
stresses upon both hypotheses, and take the highest 
estimate for each part. 

Dbcussation in Trusbbs with Verticals. 

LIX. In trusses of this class with odd panels, and 
diagonals crossing two panels, as in Fig. 20, it will be 
seen, on subjecting them to analysis, such as was ex* 
plained with reference to Fig. 18 [xvi], that, while iu 
trusses of even panels, the figures in the second line 
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ofrer the diagram, iudicate the maximum ati-essee of 
diagoDals, and those under the dingram, the stresses 
□nder auiform load (which are generally Iohs than the 
maximuin uader partial loads), in case of the tru9s with 
odd panels, the bottom figures show, for certuia dia- 
gonals, greater etreseee for the full, than the upper 
figures give aa the maximnm for partial loads. Thus, 
in Fig. 20, the number 16 over m, indicates 16m" 
(=yKt), an tlie maximum weight for i7, while the fig- 
ure 2 under the point i, indicates that ii sustain^ 2w (« 
18u3"), under the/u/( load. It should bo remarked liore, 
that the figure Innder the first two nodes ou either side 
of the centre, and the figure 2 under the next, are thus 




placed Tipon the aaaumptioa that all the weight on 
either side of the centre, ia made to act on ita nearest 
sbntment. This would necessarily be so, if en andfq 
wer« removed or relaxed. But, with those members 
in place, and properly adjusted, there may be a decus- 
Mtioi) of forces throngh them, whereby a portion of 
the weights at e and/, may be made to bear upon the 
more remote abntmenta. Now, as the maximum on 
tn Is Qw" and that of its antagonist only iw'\ the latter 
ia not sufficient to neutralize the former entirely, but 
leiTee a balance of 2w" which may be transmitted 
throagh m to gt, as an offset for a like amount trana- 
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mitted through /j to ds. If this be so, then Jm and er 
do not sustain the full weight of Iw^ but only 7w^\ 
which, being transmitted to ilj makes, with the weight 
w (=9m?"), applied directly at i, 16w?'', as indicated by 
the figures over the diagram, instead of 2w (= 18m/'), 
as the figure 2 under the point i would indicate. 

•Now, whether the two diagonals en and/j, being ap- 
paretitly, in a state of partial antagonism, do in whole 
or in part neutralize the tendency of each other to 
transmit weight past the centre each way under a uni- 
form load of the truss, is not quite obvious, and it may 
be proper to estimate stresses under both hypotheses, 
and take the highest estimate for each part of the 
truss. 

It will be seen that U and cs are the only diagonals 
in Fig. 20, which show greater stress with a full than 
a partial load, upon the non-decussation hypothesis* 
But all the diagonals undergo different stresses, with 
the uniform load, as viewed uilller the different theo- 
ries, and consequently, their effects upon the chords 
are different. The end brace aSy sustains 4 {w+w^ ^ 
4W substituting W for w+w')^ under either theory, 

and the tension of ac equals 4u?- (making h^ab, and 

V = hs). cs sustains 2W, or V W, whence cd sustains 

either GTy or 5JW^. Again, ds sustains W, or IfW, 

the former without, and the latter with decussation. 
This diagonal having a horizontal reach of 2A, adds 

2W- or 2jW^ to tenaion of chord, making 8W*, op 
81 Tr , as the tension of de. For er. we have W with- 

out deoassation, making a tension of 10 W- for ef ; 

while with decussation, er sustains } W, from which we 
tabtract fW, for opposite action of «n, leaving |W 




» 
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giving horizontal poll =1J'W^ to be added to 
making 9; W^ =. tension of «/. 

Upon the DoU'decUBsation hypothesis, ) r and m I, of 
the upper chord sustain thrust equal to 8W^, and tho 
remaiuder of the chord, 10W-. By the other hypothe* 
■is, «r and ml sustain 83 W -, rq and nm auetain 9J 
W *, and the other 8 sections, lOg W^ 

LX. We may derive some more light upon this sub- 
ject, by considering the conditions resulting from the 
elasticity of matcnnls. Supposing the npperand lower 
chorda to bo so proportioned ns to be uniformly con- 
tracted or extended under a uniform load of the Irnaf, 
this docs uot require or imply any appreciable ditfcr- 
eoce in lengths of diagonals. But the sIfl'ss upon 
chorda being produced by the action of diagonnU, the 
latter, wlien, as hero supposed, acting by tension, neces- 
sarily undergo extension, by which means, the panels 
(except the centre one), are changed from their original 
form of rectangles, to tliat of obliqoe trapezoids. For 
instance, the figure gjln becomes longer diagonally 
from ffto I, than from n toj, whence the point (/ falls 
lower than it would do, if the diagonal suffered no 
change. 

SuppoAo then the truss to be fully loaded, and the 
diagonals if, gl and fin, to he each exposed to the same 
Ktreaa to the square inch of cross-section. In (hat case, 
H and fft suffer extension proportionally to their respec- 
tive IciigtliA, thereby causing depression of the points 
J and g reopectively as the squarrs of those lengths. 
^M note iu eection XLtx.} Hence, the point g is d&- 
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pressed more than the point jV by the 'extension of dia* 
gouals, by as much as the square of gl exceeds the 
square of i/, or as 8 to 5 ; assuming diagonals to incline 
at 45^. The panel gm, must therefore -be oblique, and 
the distance gm^ greater than m. Again, the point/ 
suffering the same depression. from the extension of^m, 
as the pointer suffers from that oigly and a still further 
depression from the compression of mi, and' the exten* 
sion of il, it follows that the panel /n must also be ob« 
lique, and the distance ^n, greater than the distance og. 

Now, the obliquity of both of the panels gm and^ 
manifestly contributes to the excess of distance fm^ 
over oL On the contrary, the centre panel eo has no- 
obliquity due to extension of diagonals, or compression 
of uprights ; «ince there is no cause fbr obliquity in 
one direction, more than the other. It seems to follow 
that en^ crossing one oblique panel, roust undergo ex- 
tension; but not so much as/m,which crosses tw6. 

Now,/m and en being equal in length, the weight' 
sustained by each, is manifestly asr the cross-section 
and extension combined ; and as the former, /m, should 
be the larger in the ratio of 9 to 6, or as their maxi- 
mum stresses ; if we allow their extensions to be as 
2 to 1, the greater for^m, the relative weights sustained 
would be as 18 to 6, or as 6 to 2. Our decussation 
theory gave their relative stresses as Iw'^ to 2w". This^ 
is not a wide discrepancy, seeing that the above com- 
putation is based in part upon a mere approximate 
data. 

We may conclude then^ that in cases like the one 
under consideration, decussation does actually take 
place. Still it obviously depends upon conditions which 
are not of the most determinate character. For, if en 
fixAfyy be relaxed or removed,' under a full load of the 
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tro86, decussation can not take place, for the same ob- 
liquity of the two panels next to the centre one, which 
prodnces the tendency toward tension of en and/^, on 
the contrary, tends ib rdax do and ffp, through jj^hich 
latter alone decassation could take place, in the absence 
of the former. 

On the other hand, if en And fq be sufficiently strong, 
they may be strained to such a pitch as to bear all the 
weights ate and/, and leave /m and er entirely inactive. 
Hence, there is an uncertainty as to the action of these 
diagonals, which may be best obviated by estimating 
stresses upon both theories, and taking the highest es- 
timates; as recommended with reference to trusses 
without verticals, and as previously suggested with 
reference to the case in hand. 

In view of preceding facts and principles, it may be 
advisable to avoid the odd panel in trusses with verti- 
cals, when practicable without incurring more import- 
ant disadvantages in other respects. 
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DECK BRIDGES. 

LXI. Are those having the movable load applied at 
tiie nodes of the upper, instead of the lower chord, as 
generally assumed in preceding analyses. 

It will readily be seen, on a brief contemplation of 
Figures 12 and 13, for instance, that weights applied 
at the upper chord, act directly upon compression 
members, either erect or oblique, as the case may be ; 
and are thence transferred to tension members at the 
lower chord ; according to the general principle, that 
weight applied at the upper end of a member, always 
acts by compression, and that which is applied at the 
lower end, by tension. 

18 



98 Bridge Building. 

In the case of trass Fig. 12, the action of tension di- 
agonals is precisely the same, whether the weight be 
applied at the upper or lower chord. But the compred- 
sioQ verticals, in the deck bridge, sustain as their mazi* 
mum, the weights indicated by the figures immediately 
above them respectively, from the centre toward the 
right hand ; and these weights, of course, are equal to 
those acting upon the diagonals respectively meeting 
the verticals at the lower chord ; and consequently, 
greater than when the weight is applied at the lower 
chord. For illustration, in Fig. 12, as the truss of a 
deck bridge, the vertical fk sustains lbw'\ the same as 
jQi, whereas, in the case of a " Through bridge" (with 
load applied at the lower chord), /A sustains only 10m;" 
communicated to it through ek. 

In the deck bridge also, the tension verticals bo and 
jg are essentially inactive, merely sustaining a small 
portion of the lower chord. The chords sufiers the 
same stress in both through, and deck bridges. 

LXII. Load applied at the upper chord of truss Fig. 
13, acts by thrust directly upon the diagonals meeting 
at the upper chord, and the maximum weight (from 
movable load), sustained by diagonals meeting at one 
of the upper nodes, are indicated by the two figures 
immediately over the node ; the larger figure referring 
to the diagonal running toward the nearer abutment ; 
e. g., the numbers 4 and 6 over the point m, signify 
6u?" ss greatest weight borne by ttm?, and 4m?" ■■ the 
greatest borne by me. 

It is obvious also, that the maximum thrust of any 
diagonal, equals the maximum tension of the diagonal 
meeting the former at the lower chord ; that is, maxi- 
mum thrust of mcj is equal to 6m?"—, ■■ maximum ten- 
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(iOD of CO. The maxinaum thruat of bn being equul to 
»"-, the maximum tension of 60, equals 9w". TliistSBii 
a weight thrown upon the poiut 0, in cousequciice of 
the vortical 60, being turned out of iLarcgulur direction 
fa diagonal in the poditiou of bp,* iu order to throw 
I load upon oa, whereby op and pa are rendered un- 
Secosaary. The weight borne by oa, therefore, instead 
' being 13u>", as indicated by tiie figure 12 at 0, is 
|.12«'"+9m!", — Slifl", = 3w. 

The tigare 1 over 0, d(.-notCB the tendency of lio" to 
ict upon M, by thrust, by which tendency the tension 
|of oc, under a full load of the truss, ia reduced 
> 6w"~. 



UCIIL If Fig. 12 be assumed to represent a trues 
l-irilb tension vertii^ata and thrnst diagonals, the figures 
lorer the upper nodes, prefixed to w" indicate the 
veiglits tending to act by compression upon the dia- 
gonals descending toward tlie right from the nodes 
wtpoctively ; which weight is transferred to the verti- 
I eal meeting the dingonal at the lower chord. This 
onstitutes the maximum load of the vertical, in case 
' a deck bridge. Otherwise, the maximum stress of 
«rtical8 is shown by the figures immediately over 
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them, prefixed to w"^ provided, that in this case, the 
maximum stress of a vertical can never be lees than 10; 
ss the weight applied immediately at its lower end. 

Ratio op Lbkgth to Depth of Truss. 

LXIV. Having explained and illustrated, it is hoped 
intelligibly, methods by which may be computed the 
stresses of the various^ parts composing most of the 
combinations of members capable of being used in 
bridge trusses, with a view to giving to each part its 
due proportions, it may be proper to give attention to 
the general proportions of trusses, and such other con- 
siderations as may affect the efficient, and economical 
application of materials in bridge construction. 

The rati& of length to depth of truss is susceptible 
very great range, and it is obvious that some certain 
medium, in this respect, will generally give more ad- 
vantageous results, than any considerable deviation 
toward either extreme. For, it will be observed, that 
in the expressions we have derived for the amount of 

action open chords^ - appears as a factor ; v represent- 
ing the depth of truss, between centres of chords. 
Hence, the smaller the value of Vy the greater the 
stresses of chords, so that when 2;»0, these stresses 
become infinite, and the chords require an infinite 
amount of material ; in other words, the case is im- 
possible. On the other hand, if v be infinitely great, 
though the stress of chords be reduced to nothing, the 
verticals and diagonals being infinitely long, and sus- 
taining a definite weight, also require an infinite 
amount of material. 

Now, between these two impracticable extremes 
where shall we look for the most advantageous ratio I 
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i can not be the oritlimetical meao, for there ie do 
mch meao botweeu o =- 0, and »> -■ iufinUy. Uo- 
loubtedly, we shall be unable to do more than answer 
his qiiefltion approximately ; aud that, ouly with refer- 
) to eperific coses; for the ratio anitabte for one 
teogth of Rpan, and in one set of ci re um stances, will 
Feften be found quite onguitable under diSercut circuni- 
§ataaces. 

We have seen that the material required in chords 
lis in general, inveraely as the depth of truss, or as - 
I Also, that the material for verticals and diagonals, in- 
' creases with increase iu the value of v; though not ii 
adetorminate ratio. Cut assumiiig the latter ctuiisei 
ofiuembers, including the maiu end braces of the Trape- 
I soidal truss, to increase in the ratio at which o in* 
vercaBCS. while the chords diminish at the same rale, 
Fve might reasonubly assume, that the minimum amouut 
I of action upon materiuts would occur when the amount 
k«f action upon chorda were just equal to that upon all 
Voihur parts of the truss. 

By recurrence to the analysis of truss Fig. 12, 
■XLtu], we find amtJunt of action upon chords, re- 
Breeenttid by S6-M, and that upon all other parts, by 
I 1$^+ 22.57f) m. Here, A ia equal to 4 part of the 
{[lb of tmsA, while r is vanable ; and, by making 
ifaese two co-efficients of M equal, and deducing Ibenco 
the valne of p, wo have the depth of a 7 panel tru« in 
wltich the amount of action upon chorda, equals that 
alt other parts. Thos, putting 56- = 16*' + 22.57r, 
nbitracting 16 -, and multiplying by v, we have 40A* -■ 
2.i7r»; whence P-^(gl^), -1.84A nearly. This 
» length to depth of truss, as 6.2 to 1. 
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Again, refemng to analjiiB ci tmn Yig. 10, we find 
acdoia apon chorda represented bj 20^]f, and action 

opon other parts, bj ( 8^ + lL2r) m. To make 
tLese quantities eqoal, reqairea that r » L03A, and that 
the length of tmsa be eqoal.to ^ times its depth, or 
nearlj 5 to 1. 

From this last case, we may infer as a probabOiij/^ 
that a ratio of length to depth as 5 to 1, is the most 
economical for a trass of 5 panels, other things the 
same. We know, moreover, that by making v ■■ }A, in 
the same trass, we doable the amonnt of action upon 
chords — making it eqaal to the aggregate upon all 
parts with the ratio of 5 to 1, while the action, and 
consequently, the material of the other parts is probabljf 
reduced one-half. Hence, a ratio of length to depth 
as 10 to 1, probably increases the aggregate aitioont of 
action by some 25 per cent, over what takes place with 
a ratio of 5 to 1. We may therefore nnhesitatingly 
conclude, that whether the ratio of 5 to 1 be too small 
or not, the ratio of 10 to 1 is much too large. 

lleferring again to the 7 paneljtraBS, it appears above, 
that a ratio of 5.2 to 1 indicates the same amount of 
action upon chords, as on all other parts. Bat we can 
not with certainty infer that thea6w^ute amount of action 
upon the truss, is less with i;»1.34A, than with v^h ; 
in which case length is to depth as 7 to 1. In fact, if 
we estimate the absolute amount of action, assuming 
these two values of r successively, we shall find no es- 
sential difference in the results. Hence, if other con- 
ditions were the same in both cases, it would follow 
that the ratios of 5.2 to 1 and 7 to 1 were equally 
favorable to economy, and that there is a better ratio 
still, between the two ; probably, about 6 to 1. 
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But the conditions are not the same in the two cascs^ 
aside from the different values of v. For, while with 
v«"A, the diagonals incline at 45^, in the other case, 
their inclination from the vertical is considerably less, 
being only about 87^. This, we shall see hereafter, is 
a less favorable inclination for diagonals acting by ten- 
sion, than 45^; and, since the ratio of 5.2 to 1 shows 
an equality as to economy, with the ratio of 7 to 1, 
with the more favorable conditions on the side of the 
iatter, it would seem at least, highly probable that the 
ratio of 5.2 to 1 is the more near approximation to the 
desired optimum. 

Now, after much thought and investigation, with 
some considerable experience in planning and con- 
structing truss bridges, I can give no better pra* tical 
rule as to the proper depth of a truss of a given length, 
than to adopt that ratio between 7 to 1 and 5 to 1, 
which will best accommodate the (paired length of 
panel (or value of A), and afford the best, and most 
economical inclination of diagonals ; matters to which 
attention will shortly be directed. 

It is not supposed, however, that these limits of 
ratio will not frequently be exceeded, particularly in 
the adoption of a greater ratio than 7 to 1. In case 
of the very long spans dared and achieved in this age 
of rail roads and locomotion, engineers may recoil from 
the towering altitudes of 50 or 60 feet depth of truss 
which some of the long spans now occasionally con- 
structed would require, perhaps more in deference to 
European precedent, and from an instinct of conserva- 
tism, than from regard to economy, and a true appre- 
ciation of the real merits of the question. But for 
important bridges for heavy burthens, a ratio greatei 
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than 8 to 1 can not be regarded as commendable, ex- 
cept in rare apd peculiar circamstances. 

Inclination of Diagonals. 

LXV. We have seen the absolute importance of ob- 
lique members in bridge trusses, and we have also 
seen the excellence, in point of theoretieal economy, 
of the trapezoidal truss, with parallel chords con- 
nected by diagonal members, with or without verticals. 
2Tow, since there is an endless variety in the positions 
which a diagonal member may assume, it becomes an 
important question, what degree of inclination these 
members should have, to give the most economical and 
satisfactory results. 

The inclination may be increased till it reaches a 
horizontal position, or diminished till it becomes a ver- 
tical ; when, in either case, the member ceases to be a 
diagonal, and becomes incapable of performing the 
office of effecting a horizontal transfer of vertical pres- 
sure. 

The greatest efficiency of material used in diagonals, 
is manifestly, when the weight sustained by a given 
quantity of material, multiplied by the horizontal 
reach, gives the largest product ; and, when the mem- 
ber acts by tension, the weight capable of being sus- 
tained by a given amount of material, is as the cross- 
section directly, and as the rate of strain inversely. 
But the rate of strain, or stress produced by a given 
weight, is as the weight multiplied by the length of 

diagonal (d), and divided by the* vertical (»), or as -» 
while the cross-section is inversely as d, or as — 
Hence, the weight is as --4--,« 
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KbWy representing the horizontal reach by hj the 
efficiency of the material must be as ^ equal to 

^^Tt- Then, making r, constant, and dividing by v, 

tbe expression becomes, ^-r^, still being proportional 

to the efficiency of material. Consequently,' that ^alue 
of A, which gives the largest value to the expression 

. ,„ will indicate the inclinffiion at which the diago- 
nal will act with the greatest efficiency. 

This value of A, is foand by diflferentiating the func- 
tion ^Tjii (A being the variable), and putting the dif- 
ferential equal to : by which process we obtain : 

d (-* ) = ^^'+f^~f'^ =0, whence canceling the 

denominator, i^dh + AMA = 2/i*dA, and h^dh = v^dh.* 
Then, dividing by dA, and extracting the square root, 
we have h^v; thus showing that an inclination of 
45^ is the roost advantageous for tension diagonals as 
£Eur as relates to those members alone. 

Thrust Diagonals. 

LXVL The efficiency of material in a thrust brace, 
is directly as the useful eflTect produced by the member, 
and inversely as the amount of material required in it. 

Now, the useful effect, as in the previous case, is 
•8 the weight sustained and the horizontal reach, while 
the amount of material, depends not only upon the 
stress and length,' but also upon the ratio of length to 
diameter J which affects the power of resistance. 

Theoretically, the power of resistance is as the cube 
of the diameter (d), divided by the square of the length 
(■=i?*xA^, a rule which is not sustained by experience, 

* d(Roinan), before a variable, or the function of a variable, denotes 
tiie dil&jrential of such variaJi>le or function. 

14 
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except in case of long slim pieces which break by 
lateral defleotion, under a comparatively small com- 
pressive force. We will, however, use the rule for the 
present occasion. 

The efficiency of the material then, will be as the 
pow^r of resistance and the horizontal reach directly, 
and as the stress produce d by a given weight, in- 
versely ; which stress jI^V^ ^pM^. Whence we have 

^^^^^E. i"^^) proportional to the efficiency 

of mate rial in a thrust brace. Making (2'{7»1, the last ex- 
pression becomes _~_,and the value of A which gives 

the greatest value to this function, will indicate the 
inclination at which a thrust brace will act with the 
greatest efficiency, as it regards the brace alone. 
Differentiating, and putting the result equal to 0, we 
have : 
d ( ^ )^d h{f+h^i-ih(v^+h^iX2Mh _^ whence, 

multiplying by the denominator (r'+A*)*, we obtain 
dA (t;HA*)J =x JA (i;« + A«)J x 2AdA, and, dividing by 
y/{v^+hF)dh, we have v*+h* « jAx2A — 8A* whence, v^ = 

8A»— A* - 2A«, and by evolution, v — Av^2, and A --^ 
- 0.7072y. 
If we deduce the value of the expression ^ 7^ .^^ l, 

(which is equal to the horizontal reach divided by the 
cube of the length of brace), putting A=«i? and A«=j!; 
successively, we find the degree of efficiency less than 
the maximum, as above determined, by about 9 per 
cent in the former, and 8 per cent in the latter case ; 
showing that considerable deviations may be made in 
the inclinations of thrust braces without much detri- 
ment to efficiency of material in braces, when required 
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But the ooDditions ore not the same in the two cases, 
aeide from the different values of v. For, while «itli 
p=A, the diagoriale incline at 45°, in the other cnao, 
their inclination from the vertical is considerably leas, 
bving only about 87°. TbiB, we shall see hereafter, ifl 
a lew favorable inclination for diugonala acting by ten- 
sion, than 45°; aud, since the ratio of S.2 to 1 shows 
an «<iti8iity aa to economy, with the ratio of 7 to 1, 
with the more favorable condiiions on the side of the 
Ultur, it would aeeiQ ut least, highly prohalile lliat the 
ntio of 6.2 to 1 ia the more nearapproxitaiitiou to the 
desired oplimuvu 

Now, after much thought and investigation, with 
some eonslderalilc experience iu planning aud con- 
stracting truss bridges, I can give no hettei' |ira< iical 
rale as to the pro[>Gr depth of a tnisf of a given length, 
than to ado[)t that ratio between 7 to 1 and 5 to 1, 
vhicb will best accommodate the iV^sired length of 
jwnel (or value of A), and afford the best, and most 
ecoDomiciil inclination of diagonals; muttei-s to which 
atteotiou will shortly be directed. 

It xi not supposed, however, that these limits of 
mtio will not frequently be exceeded, particularly in 
the adojition of a greater ratio than 7 to 1. In cose 
of the very long spans dared and achieved in this age 
ofrail roads and locomotion, engineers may recoil from 
the towering altitudes of 50 or 60 feet depth of truss 
which some of the long spans now occasionally con- 
•trDCt«d would require, perhaps more in deference to 
Earopcan precedent, and from an instinct of consorva- 
tum, than from regard to economy, and a true appre- 
cialion of the real merits of the question. But for 
important bridges for heavy burthens, a ratio greatei 
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the T^ftlue of II the shorto* the intervals at which the 
icoremeriTs in ihe stress of chords are added, and the 
les^ the dipiitnde of snch increments, in the same 
prv^portion. Ue&ce« in general, there is no difference 
:u iho $:re:s^i<$ of chonls« whether the diagonals have 
one iuo'ination or another. 

W::h Wirard to the effect upon verticals, that part 
of tho:r $;resi:> which they receive through diagonals, 
is e<qual to the woight sustained by those diagonals, 
a:)vi :> :ho sarao for a given weight, whatever be their 
inolinarion. On the vertical irr, the pressure is re- 
oesvovl viirvorlv troru the weight But on the next ad- 
jaoont vor:;c;*L on either side, one-half of the same 
pressure is revviveJ through to the intervening diago- 
nal, aud tniusnihtcvl to the next, and so on to the end. 

Cons^VjUently the aggregate action of verticals, pro- 
duce\l by the woiglit ir, is equal to ic + Jm?h, taking n 
for the uumlH>r of verticals wceiving their stress 
through the nunlium of diagv'^nals, and which is equal 
to the whole r.umber loss 3* when the number is odd, 
and the verticals act bv thrust, as assumed in tKe case 
of Fig, 21, If the weight be applied at the lower 
ehorvi. the whole action of verticals is communicated 
through diagvMials, the latter acting by tension. 

Hence the ag^reg;ue action of verticals increases and 
diminishes with their uumber«and economy as regains 
those members, would require the diagonals to incline 
at a greater angle with the vertical than that which 
is most fovorable as to the diagonals themselves. 

We have seen, however [lxvi] that by placing the 
diagonals at 45** when they act by thrust, we lose aboat 
9 per cent in economy of those members, and we now 
learn that such an arrangement increases the economy 
in verticals to a considerable extent by diminishing 
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iheir nnmber ; the actual amount depending somewhat 
upon the number, and not deducible by a general rule. 

We shall not, however, err greatly in assuming, that 
with an inclination of 45^, for thrust diagonals in con- 
junction with tension verticals, the loss upon the 
former is quite made up by saving in the latter, and 
that a less inclination in this case, should be regarded 
as very questionable practice. 

In case of tension diagonals and vertical struts, a 
saving in material may undoubtedly be made by mak- 
ing the horizontal greater than the vertical reach of 
tiie diagonal, whenever such a course is found consist- 
ent with a proper regard to just proportions of the 
trass in other respects ; such as width of panel, depth 
of truss, etc. 

Thb Width op Pakel. • 

LXVnL Which we have represented in our formu- 
la by A, has only been hitherto considered as to its 
relations to v, representing the depth of truss. 

With regard to the best a&gobUe value of k, the ques- 
tion is affected by the relative expense of floor joi^tii, 
and the extra amoant of materia^and labor in forming 
eonnectioos at the nodes of the chords ; as well as, in 
•ome fsifs, the lengths of sections in the upper chord. 
The latter requires sopport laterally and vertically at 
intenrab of iDoderate length, depending upon the ab- 
aohie iUw, which, other things the tame, governs the 



The vpper diord otoally, of whatever material, has 
m tUMsmtiou so large as to exclude all danger of 
IveakiBg by htend deflection, in sections of 10 to 14 
aa tkcre will seldom be occarioo for exoeed- 
leagtlM ia eancelated trassee, the iocreaaed 
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expense of joists for wide panels, and the expense of 
extra connections in narrow ones, are the principal 
considerations affecting the absolute value of A, as an 
element of economy. 

The transverse beams, supposed to be located at the 
nodes between adjacent panels, may, of course, be pro- 
portioned to the width of panel, so as to require essen- 
tially the same material in all cases. But the joists, or 
track stringers of rail road bridges, the depth being 
proportional to the length between supports, have a 
supporting power as their cross- sections; and since the 
load, at a given weight to the lineal foot, is directly as 
the length, it follows, that to support the same load per 
foot, as bridge joists are required to do, the croas-seo* 
tiou should be as the length. The expense of joists 
and stringers, therefore, is directly as the width of 
panel. "*" # 

On the contrary, the expense of connections 
will be as the number of panels, nearly, and conse- 
quently, inversely as their width, or inversely as the 

* Tlie thickness of joist most economical for a short reach would be 
liable to backle with greater length and depUi. Hence joists reqnin 
increase of thickness with increase of lengUi and depth. The Sick- 
ness shoold be as the deptl^and the cross-section, as the square of the 
depth (d). 

tJpon this basis, the required material for joists, increases at a greater 
ratio than the increase in width of panels. The supporting power of a 
joist or beam of a given form of section, or a given ratio of depth to 
thickness, is as the cube of the depth directly, and the length (Q in- 
versely; or,asY- If there be two joists of depths respectively as d and 2, 
and lengths as I and nZ, their supporting powers P, P^ for load tind- 
larly applied, will be asy to ^ But the power should be as the load ; 
in other words, as the length of joists. Hence we have the proportion* 
-r-:-i::l:nlt whence, ncP ^^ and x — dnf. Now n is as the length 

of joists, and the depth, therefore, is as the | power of the length, and 
the cross-section, and consequently the required material, as the f 
power of the length. Hence, if m represent the material for joista 
with panels of a given width, the mat erial for panels twice as wide, 

will be represented by m X ^yS*^m^yW=» m2.52. But thisis rather 
anticipating the subject of lateral, or transverse strength of beams. 
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length of joiata. Heace, if we could find the point 
I whore the coat of coiiuectiona (consisting of extra 
material io Die lappings of parts, coDni>cting pius, 
L Ktrews &ud nuts, and enlarged aectious at the ends of 
Isiembers, together with the extra labor ia forming the 
I oonnections), becomea equal to the whole cost of ma- 
■ terial iu joiets or stringers ; that would seem to indi- 
■•cate the proper width of panel, or value of A, as far as 
Idcpeoda upon these elementa. 

But aside from the fiict that our data upon this 
Iqueatiou are so few and ao imperfect, that it would be 
Imere charlatanism to attempt to reduce the matter to 
1 mathematical formula, the occasions would be ao 
nro wliich would admit of the application of such 
formula, without incurring diaadvantagea in other re- 
spects, such as improper inclination of diagonals, un- 
suitable ratio of length to depth of truss, Ac, that no 
I attempt will be here made to give any thing more 
' definite npou this point, than to refer to the best pro- 
cedentri and practice of the times ; which seem to eon- 
fine the range of width of panel mostly within the 
' timiu of 8 and 15 feet. 

Within these limits, and seldom reaching either ex- 
I treme, plana may bo adapted to any of the ordinary 
I loogllia of span, by adopting the single or double can- 
L telsleti Iniaaea, Figa. 12 and 13, or 18 and 19, or the 
F irch truss Fig. 11, (which unqueationably contain the 
IcsMlitial principloaandcombiuationB of the best trusses 
km nse), according to length of span, the purposes of 
||th« bridges respectively, or the taste and judgment of 
nigtneers and builders. 
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ARCH BRIDGES. 

LXIX. An arch brid^ may be distinguished from 
an Arch Truss Bridge^ by the fact that in the former, the 
bridge and its load are sustained by one or more arches 
without chords ; and, conseqaently, requiring external 
means to withstand the horizontal thrust or action of 
the arches at either end ; which means are afforded by 
heavy abutments and piers, in case of erect arches, and 
by towers and anchorage in the earth, in case of in- 
verted, or suspension arches. 

It is not the purpose of this work to treat elaborately 
of either of these forms of bridging, as the author's 
experience and investigations have been mostly con- 
fined to truss bridge construction. But as some of the 
largest bridge enterprises and achievements of the age 
are designed upon the principles here referred to, a 
brief notice of the subject, and some of the conditions 
affecting the use of these classes of bridges, may be 
regarded as desirable in a work of this kind. 

Suspension, or inverted arch bridges of very great 
spans, have long been in use, both in this and foreign 
countries ; and the capabilities of that system have been 
pretty thoroughly tested experimentally and practically. 

But bridges supported by erect metallic arches, have 
hitherto been confined to structures of moderate span. 
Within a few years, however, the magnificent enter- 
prise of spanning the Mississippi at St. Louis by three 
noble stretches of about 600 feet each, supported eaph 
by four arched ribs of cast steel, has been undertaken 
and is understood to be in rapid process of execution. 
The interest naturally felt in the progress and final 
result of this grand enterprise, by students and practi- 
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tionera in the eiigiiieeriug professioD, will porhapa aid 
in roii<lering the following brief, aad somewhat saper- 
lici&l diacussioD acceptable. 

LXX. An erect arch subjected to the action ot* 
veigfat, or vertical preasuvc, is in a condition of unsta- 
ble e()iiilibriiim ; and can only stand while the weight 
is BO distributed that all the forces actii)g iit each point 
of Its length, are in equilibrio. To illustrate this, we 
may aasunie the arch to be composed of ehurt straiglit 
•egmenla meeting mid forming certnin angles with 
one another, and the weights applied at the angular 
pcnntA. 

A weight at c, Pig. 22, for iuatanco, acts vertically, 
and, ifde be proJucfd till it meet the vertical drawn 

Fio. 23. 



in m, then the triangle bcm has its sides 

Idvely parallel with the directions of three forces 

* Mting «l the point e ; namely, the weight at the point 

€■, tUe thrust of the segment 6e,and thatof rfc Hence, 

if tbeM threo forces bo to one another as the sides of 

■aid triangle, — that is, if the weight (ir) : thrust of 6c : 

throst of dc : : fim : lir : «jt, Uien tliey are in equilibrio. 

I If w be greater than is indicated by this proportion, 

I the point c will be depressed, 6cd approaching nearer 

1 and nearer to a stniight lino, and becoming less nod 

IS 
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less able to support the weight, and a collapse most 
result. 

If w be less than the above proportion iodicates, it 
will be unable to withstand the upward tendency of 
the point c, due to the thrust of be and dc (or, to the 
preponderance of the vertical thrust of bc^ over that of 
dc), the point c will rise, the upward tendency becom- 
ing greater and greater, and the result will be a col- 
lapse, as before. • The same reasoning, and the eame 
inference, apply to any other angular point, as at e. 
It is, tlierefore, only in theory that such a thing as an 
equilibrated erect arch, can exist. The arch is here 
considered as a geometrical line without breadth or 
thickness. 

It is this property of instability, in the Erect Arch, 
that the diagonals in the Arch TrusSy [Figs. 6 and 11] 
are designed to obviate, and to enable the arch to re- 
tain its form and stability under a variable load. 

LXXI. Still, in theory, an arch maybe in equilibrio 
with any given distribution of load, whenever the points 
a, 6, c, etc., are so situated that the sides of the trian- 
gle 6cm, for instance, formed by a vertical with lines 
respectively coinciding or parallel with the two seg- 
ments meeting at c, are proportional to the 8 forces 
acting at c, as above stated, and so at the other angu- 
lar points of the figure. 

To construct an equilibrated arch adapted to a given 
distribution of load, consisting of determinate weights 
at given horizontal intervals between the extremities 
of the arch, we may proceed as follows : 

Draw a horizontal line representing the chord akj 
and upon the vertical Cfiy erected from its centre, take 
Of equal to the required versed sine, or depth of the 
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arch nt the centre. Also, take/l—ty, and erect verti- 
cals npon the chord, at all the points at which the loftd 
is applied, and join a and (. 

Then, if the load he aniformly distributed (horizon- 
tally) ui>ou the arch, we have aeeii. [lii], the anh 
•boald be a parabola, to which of course, at is taugent 
at the extremity, a. But, regarding ab as tangent to 
theenrve at r, half way between a and b (horizontally), 
we seek the abscissa /s, which ia to C/:: ra*: aV. 
Then, taking the distance of /u=/s,(m ia tangent to the 
curve lit r, and ooiucides with the first segment (fib) of 
the urch. (These segments are supposed to be so 
short, that the tangent and curve may be regarded as 
eeseutiully coinciding, forthe length of a single segment). 

Kow, the thrust of ad, is to the whole weight bear- 
ing at a, as ru to us ; and, erecting the vertical at, such 
thatdf: ab:: weight at A: thrust of a6, and drawing 
tlte straight line Ibc, cutting the second vertical in c, we 
have Ac tor the second segment of the arch, being in 
the line of '6, which represents the remltaot of the two 
forc«a acting at b ; namely the weight at b, and the 
thnut otah. 

Id like manner, lake bm, representing the weight nt 
e, and the straight line mcrf, meeting the third vertical 
ID d, gives tfi as the third segment of the arch. 

Repeat the same operation for each of the succeed- 
ing segments de, e/, Ac, till the arch is completed, and 
it ia obvious that the forces acting at each of the several 
■iignlar points b, i; d, Ac, are in equilibrio ; and that 
the arch throughout is, theoretically, in a state of 
Kjniltbrinm. 

We may \-ary this process so as to secure greater 
accuracy ol construction, in the following manner : 
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ProdaciDg Ibc till it meets Ct in v, we see that oUand 
ubv are similar triangles, and al : uv :: horizontal dis- 
tauce of / : horizontal distance of v, from the point 
b. Hence, we may take the point v instead of the point 
I, by which to establish the position of the line be^ and 
thereby secure greater relative acenracy of measnre- 
meut. 

So may we also take vv\ or W instead of bm^ to de- 
termine the line cd. By this means we multiply the 
small spaces al^ bm^ &c., and diminish the amount of 
error in measurement, and if the angular points, or 
nodes be at uniform horizontal distances, the process is 
very simple. 

LXXn. We have assumed, in describing the arch 
a, 6, e, rf, &c., a uniform distribution of load, horizon- 
tally. But the general process is obviously the same 
for an unequal distribution, after locating the first seg- 
ment ^76; which we may do by first ascertaining the 
amount of bearing at a, due to the load of the arch. 
Ttiis will be to the whole load, as the distance of the 
centre of gravity of load from A, horizontally, to the 
whole chord ak. For instancet^ if the centre of gravity 
be half way between (7 and A, one quarter of the load 
bears at a. The weight bearing at a, whatever it be, 
may be represented by A ; and supposing it to exert 
the same horizontal thrust at a as half the load (W), 
would do when uniformly distributed, we take u' in 
ft, so that } W : A : : uC: u'C* Then auf gives the 
direction of ab\ and we proceed in the same manner 

* We may assame anj amount of horixontal thniBt, and the greater 
the assumed thrust, with a given load, the less will be the depth of 
the arch, and vice versa. It is proposed here to construct an equili- 
brated arch a', b'el d,'&c., of about the same rise at the crown, aa the 
normal curve, a, b e, d, Sic., has. 
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U before using the weigliU giveu for the several nodes 
of the urch, tu determiiio the poiuta c\ d', &c. These 
being coimected by straigbt liues, w<3 have an equili- 
brated arch adupted to the giveu dietribution of load. 

LXXITL But of course, this arch will not stand 
Under any other dlapositiou of the load. To obviate 
thid difficulty, aiffi to construct an arch which will 
:aiid under a variuble load, without the chord aud 

,Counter-b racing of the arch truss, the device has beep 
a^loptc'd, of coustrtictiug the arch of such vertical width 

^tliHt all the equilibrated arcbca or cuitob, required by 
kit poeaible dietributious of load; may be embraced 
within the widrh of the arched rib. Then, if there be 
•oScient material to oppose and withstand the forces 
liable to act in the lines of said se\'oral equilibrated 

uMirvet, complete verlictU stability must result. 

The proper width, or depth of the arched rib, will 
depend upon the length and versed sine of the arch, 
•8 well as the amount and distribution of loud ; and 
the material will act most efficiently, when mostly dis- 
po«od in the outer and inner edges, or members of the 
lib, and connected, either by a full, or an open web, to 

.distribute tlie action between the outer and inner mem- 

:bera,nccordingasthe resultant line of action approaches 

itbe oof or the other of those members. 

The normal form of the arch should be such as to 
be in eqnilibrio under a uniform load,* and hence it 
irUI be parabolic, as to the movable load, and the 
ireigfat of road-way, and catenarian, as to the weight 

• Tfcn mrthod aboTo Piplunod, for ilewiiliiDf; mi ei|uillbimt«d ««h, 

b appUcKbk Ui b11 itmrn wlier« ihi.' limil. litli cinttant snil variable 

'^'-- ud ili**i-vornl jwrbt of ihu arrli. is known, wticlhcr il be Ihe 

u-iv. ailaptMl W a full loed, <u a di8Uirt«J curve, suited to mi 

JlMnbuilua ot lotd. 
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of arches (as far as they are uniform in section), and 
should approach the one or the other form, according 
to the weight of arches, as compared with the other 
weight to be supported thereby. 

The distance between outer and inner members, or 
tlie width of web, reckoned from centre to centre of 
those members, should be such that no condition of 
unequal and partial load, could th«>w greater action 
at any point of either member, than the extreme uni- 
form load would throw upon both. 

Let us suppose that the curve a, 6, c, d^ etc., be cen- 
trally between the two members and that M', and AA' 
be the greatest vertical departures, inward and outward, 
of any equilibrated curve, from the normal curve a, 6, 
Cy etc. 

Let us further suppose that the thrust of the arch 
at the points d and A, be f as great under the load act- 
ing in the curve of greatest departure from the normal 
as the extreme uniform load produces at those points. 
Then, if the outw and inner members of the rib, be 
placed at a distance of six times the greatest departure 
of the distorted from the primary, or central curvet 
one member will be twice as far from the line of action 
(at the point of greatest departure), as the other, and 
the latter will sustain two-thirds of the action, equal 
to one-half the action of the full load, and the same as 
in the latter case. 

K the width of web be less than six times the great- 
est aberration of the distorted curve, the action, under 
the suppositions above, will be greater upon one mem- 
ber than that due to a full uniform load ; a condition 
altogether to be avoided. 

A few trials at constructing curves adapted to as- 
sumed possible distributions of load, may determine 
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iatUruutorily what coudition givea the curve of great- 
est dutortiou aud the greatest departure from the nor- 
m&l ; and tbe amouDt of action uuder tbat conditiou, 
can be readily calculated with eulHcient nearness, 
whence tbe proper width of web lany be deduced. 



T.yvi V The points of the equilibrated cur^-e may 
be located j^y catculution, and perhaps with as much 
ewe, and greater accuracy than by construction. 

KnppoBe Fig. 22 to have a vertical deplli, Q\ equal 
to one of ten equal sections of the chord ak. Having 
found the length of/u, in the maiinorulready explained 
[lxxi], it is Icnown that for a uniform load at each 
angle, the vertical reaches of tlie several segnionis, 
begiliing at Uie centre, are as the odd uumbera, 1, 3, 6, 
7 and 9 ; anJ, ii' wo conceive Q" lo ho divided into 25 
eqaal parla('25 being the sum of these nuDihers), each 
of those parts will bo equal to 0.046/, or .04p j and ihis 
factor, tnulliplied by the numbers 1, 3, 5, kc, give the 
vertical reaches of the respective straight segments, 
which vertical reachca being subatraeted successively 
from r, and sncceaaive remiiindcrs, show the severBl 
verlioila lo be as follows: At the centre,/, vertical = 
<y" c. Ai«, vertical — « — .04(!"> .06f. Atd, verti- 
cal — (.96— .12)tf — .84u ; at c, vertical — (.84— .2)i> — 
Me, and at b, vertical — (.64 — .28)i-', » Mi: This e»- 
tabliflhea the normal curve for uniform load. 

Now, supposing the weight of strnvture to he equal 
to \w at eoi'h of the angles of the arch, and also, that 
a movable load of u like weight, ic, be acting at each 
of the five poiuta/, g, h, i,j ; the permanent weight of 
■tmctore gives a bearing of 4.&ui at a, and the movable 
weighla at /, g, A, Ac., give respectively .5«J, Aiv, .3w, 
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.±r. ftnl .Ir. together, eqoml to 1.5ip; making the 
vLr. Itr beuiLz du o, oquftl to 6i&, which is ^th leas than 
if iLr sik=ie -reight were distributed aoiformly. 

Tb^Q t&kiiur CV » f Oc, and drawing the line au\ 
- X aL ,>w:; ia the diagram), we have the inclination of 
^: *• :Lr f -^i <«-^Tneni of the reqaired carve, which gives 
the sin:.e horizontal thmst at a, as the normal carve 
wo^Id exen ^nder the aame load aniformly distribated. 
We d'^i/a ^=/*v, bv the proportion. 

Cfifiii a- =.6?,:«^(=T5?'::25r«:20.25i;«::i? 
: .Sir: ani, nedaoicg LSlr (»Cii), bj one-6eventh| we 
o: til- l\ ' = 1.5ol4r- This length is to aC : : A (""Bic), 
: hor.z;c:jkl :Lnist o/aJ'; that is (making r»l), 1.5514 

: 6 : : 6>.- : J?!;!- = 19.33ir, = horizontal thrust ab. 

Now. if :h;s thrust be represented by \aCj « r—l, 

t!:ov. \c wr.l be represented by a space equal to ^^L., » 

.OolTS, wh:oh is equal to the vertical departure (D), of 
i'y rn^ra ,:::.". Knowing the value of this departure 
whioh, oivvurse, is directly as r, and inversely as aC)^ 
we csm IvVJie the points c', d\ e and/, by their verti- 
cal distanoos from a\i\ as follows : The vertical at h\ ia 
evidouiiy equal to J x 1.5514, «. 31026; consequently, 
the vortical at c = 2x.S1026 — .05173 « .56879. Ver- 
tical at kV = 3X.S1026— 3X.05173 - .77559. Vertical 
(* « 4x.ol0i:i>— 6X.05173 « .93068, and the vertical at 
r\ ov|aal$ ox.31026 — lOx.05173 = 1.034, showing that 
tlio now curve crosses the normal, between t and /, and 
y is above/, but not shown. 

Then, if each of the segments Vc?^ c'd\ Ac, be pro- 
duood to meet the indefinite vertical drawn through a, 
they will evidently cut that line at intervals of D, 2D, 
SDand 4D together, equal to 10 D, — .5173. Theii, 
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the weight at/ being equal to 2u)y it follows that fg' 
makes twice the deflection from e'f that the latter 
makes from d^e\ that is, equal to 2D in the horizontal 
distance of Ir, or 1, or lOD (« .5173), in the distance 
aCf or 6. Hence, Z^' produced, cuts the vertical at a, 
twice as high as e'f cuts it, or, at a point 1.0346 above 
a; being just as high as the point/; except a small 
difference resulting probably from omitted fractions. 
Tliis shows that /y is horizontal, and tangent to the 
curve at its vertex. 

It follows that all the weight at/, and at the left of 
that point, is brought to bear at a, and all that at g% 
and on the right thereof, bears at k. This affords a 
check upon our work thus far, as we already knew 
that the bearing at a was equal to Qw, and wo now see 
that this is made up of Iw at each of the four points 
fc', <?', d\ e', and 2w at /. If// were not horizontal 
the arch could not be in equilibrio under the assumed 
condition of load. 

Now, as we manifestly have for the 4 remaining 
segments, a vertical reach for each, as the weights 
they respectively sustain; i. e., equal respectively to 
2D,4D,6D,and8D; making 20D(—C5r); altogether, we 
have only to subtract these quantities successively from 
or (■•1.0846), to obtain the lengths of verticals at A', 
f, ;'; as follows : 

1.0846 — 2 X .05173 - .93114 - vert, at A' 
.93114— 4 X. 05178 -.72422- " " i' 
.72422— 6 X. 05178 -.41884- « " / 
.41884— 8 X. 06178-0 " " k 

The differences between these lengths of verticals, 
and those of the normal curve at the same points, show 

16 
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the aberrations vertically^ of the distorted, firom the nor- 
mal curve, as below. 

Nor. DIft Bdow. Abov«. 

66'-.86— .81026-.04974 " 

cd -.64— .66879=-.07121 ^ 

rfd'-.84— .77559-.06441 " 

ee' = .96— .93068-.02952 " 

DUt. Kor. 

ff =,1.084 —1.00- .084 

5r/=L084 — .96= .07446 

AA'= .98114—84- .09114 

vl - .72422— .64- .08422 

i;'- .41384— .86- .05884 

LXX V. From this exhibit, we perceive that the great- 
est vertical aberration externally forthecondition of load 
here assumed* is at hK^ and equals .0919, and the great- 
est internally, at cd (or a little to the right of these 
points in both cases), equal to .0719, traversing a zone 
equal in width to .1629. nearly \ oi the versed sine of 
the normal curve. 

Now, we have seen that the horizontal thrust of the 
arch for a gross load of 14t9, equals 19.2829, with the 
assumed proportion of versed sine to span, as 1 to lO, 
whether upon the normal or the distorted curve ; aad^ 
the thrust being evidently as the gross load, other 
things the same, it follows that, with the full groas 
load of 1829, or 229 at each angle, the thrust would be 
to 19.3329 as 9 to 7. Hence the load, as above aaanmed, 
produces }, or 77 tV P^i" ^^^^ ^^ ^^ maidmum throat 
under the full uniform load. 

The uniform load being supposed to act equally upon 
the outer and inner members of the rib, the action of 
50 per cent is due to each ; and, in order that neither 
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incrobcr, at tbe nearest approach to the equilibrated 
eorvc, ninj be subjected to greater atreaa thao under 
the f^eatest uniform load, tbe web should be so wide 
that (asauming iho outward aud inward aberratioDB to 

K eAcb equal to the meau of .081i', and pottiug x^ 

ridthofweb),i: Jjr+.OSlr:: 77.7:50. Whence SOa: 

-38.88jr+77.7x,081i;; nod x=-.557v. 

But this value of x being equal to the distance vcrti- 
•ally across the web between c and d, or between h and 

j is greater than the distance square across, about in the 
|»tio of distance from a to/, to the Hue «C', in this case 
fM-*/^: 5. The actual width of web, therefore, is only 
Mic, still considerably more than half tbe versed sine 

Ttie condition of load here supposed, may or may 
lot be tbe one requiring the greatest distortion of tbe 
iqailibrated curve. The case bos been assumed to 
llustrato this discussion, ns it seemed likely to be near 
' condition requiring the greatest width of web; 
I leave this part of tt^eubject, without attempt- 
ng a more general and mterminate solutiou of tbe 
[Qestion. 

LXXVL The movable load has been taken as only 
iqaal to the weight of superstructure, upon the suppo- 
dtiou that this style of bridging would seldom be 
idnpted, except for very considerable lengths of span, 
vhero the weight of superstructure is relatively greater 
] case of short spans. 
This double arch, as here under consideration, con* 
istiog of an outer and an inner curved member, con- 
lected by a web, in order to act most efficiently ebould 
B M adjusted that the outer and inner members may 
t nihjected to equal action under a full maximum. 
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nniform load. Hence, the normal and equilibrated 
curves, representing the line of the resultant of forecs 
acting upon the arch, have been assumed as terminat- 
ing at each end, at points centrally between the ex- 
tremities of the outec and inner curved members. 

It might seem possibl'e that the distorted curve 
adapted to the above assumed condition of load, might 
so fall as to recross the normal between the points of 
greatest departure and the ends, and thus diminish the 
extent of aberration, and the necessary width of web. 
If the curve a, 6', c', etc., be turned upon its centre, by 
raising the end ^t a, by ^rds of the greatest departure, 
that is, by Jx.081i?,=s.064r, the aberration half way^ 
between a and/, where it is at or near its maximum 
point, would be reduced by .02Ti;, and become .054» 
just the same as at the end. The other end would drop 
to the same extent, and would reduce the outward 
aberration in the same degree. This, of conrse, would 
be the least possible extent of aberration ; and if we 
could rely upon the resultant stress following this curve 
in such a position, it wo^P^^^^^^ ^® ^^ diminish the 
width of web to .364i;. 

But there seems to be no obvious reason why we 
should assume the equilibrated curve to take the posi- 
tion just described, rather than one with the left end 
below a, and the other above &, thus increasing instead 
of diminishing the aberration. Hence, in the case of 
an arch ribbed bridge, liable to a movable load equal to 
the weight of structure, foot for foot, upon the whole or 
any part of its length, if the web of the ribs be less 
than 86-lOOth, of the versed sine (C^ Fig 22), certainly^ 
and if less than 64-lOOths probably^ the material in the 
principal members is liable to greater strain in some 
parts, under a partial, than under the extreme load ; 
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which would be decidedly an unfavorable condition, 
with regard to economy. 

TiXAVLL The operation of the web in distributing 
the action upon the outer and inner curved membera 
of the rib, and transferring it from one to the other, 
may be understood by the diagram Fig. 23, exhibiting 
Baid curved members, connected by a web consisting 
of a simple system of diagonals, capable of acting by 
thrust or tension as may be required. 

The normal curve is represented parallel with, and 
midway between the curved members ; and the eqaili- 

Fio. 23 




brated curve is represented as crossing the normal 
near/, meeting it again at a and A:, at the ends ; and 
having its greatest aberrations at c and h. It is mani- 
fest that the action of the outer member at t, is to that 
of the inner one at^', asjh to ih (inversely as their dis- 
tances from the distorted curve), and that the action 
upon the outer diminishes, while that of the inner one 
increases each way from i and J, until the action upon 
the two becomes equal at the meeting of the curves at 
ky and at the crossing point near/. Hence the dia- 
gonals leaning toward the point t must act by thrust, 
while those leaning fromjj act by tension. On the 
contrary at d^ where the greatest compression is upon 
the inner member, and diminishes each way, the dia- 
gonals leaning from ^ act by thrust, while those lean- 
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mg toward c, act by tension. The tension diagonals 
are represented by single, and the thrust diagonals, by 

double lines. 

But the action changes more or less with every 
change in the position of the load, and if the load were 
reversed upon the two halves of the arch, each dia- 
gonal here represented as acting by thrust, would then 
'act by tension, and vice versa. 

Now, assuming that dc « ^ce, and that the action 
upon the inner member at this point equals twice that 
of the outer one, it follows, since the action should be- 
come equal upon the two at a, that } of the whole 
thrust of the rib must be transferred from the inner to 
the outer member between c and a, by the thrust and 
pull of diagonals, exerted in the direction of the normal 
curve ; the action accumulating and increasing upon 
successive diagonals each way from c, and in like 
manner from h. 

The action of diagonals is still further affected by the 
transfer of the action of load, from the outer to the inner 
member ; the load being first applied directly to the outer 
curved member. Hence it becomes a somewhat com- 
plicated problem to determine the maximum action 
of diagonals ; especially as the complication becomes 
increased by taking into account the 

Effects of Tbmperaturb. 

LXXVnL The expansion and contraction of metallio 
arches without chords, the ends remaining fixed as to 
position and distance asunder, must obviously cause 
the intermediate portions to rise and fall with the 
increase and decrease of temperature. 

The outer and inner members, if parallel, being 
similar concentric arcs, will rise and &11, by the same 




i of temperature, proportionally to their respee- 
Sto mdii ;• the outer one undergoing the greater ver- 
tical change, whence, it must follow that in warm 
Veather the outer, and in cold weather the inner 
nenihftr suatuina the greater relative compression , a 
lesnlt for which there appears to be no obvious remedy, 
aoept b; balancing the end bearings upon pivots at a 
Uid ki which would allow the two curved members to 
k^ast themselves to an equal action upon the two. 
[)r, if the curves be formed upon the same radius, and 
f equal length, they would rise and fall alike, and the 
tutaace across the web vertically, would be the same 
It all parts of the arch. 

Id this case, as in all others, of the arched rib, the 
ieprefwion of the arch, whether from reduction of tem- 
wraturc, or the action of load, would be attended by 
ncroMcd tlu-u«t action, or diminished tension actioo 
ipoD diagonals less inclined from the vertical position, 
nd the reverse of action, upon those more inclined. 

The ahi^lnte rise or fall of an arch, resulting from 
I given change of temperature, may, without essential 
Y>r, be reganled as proportional to the change in the 
enjitb of a circular arch of the same span and depth 
I chord to vertex), within the limits of change 
irodoced by temperature; atid, may be found by the 
bllowing process : 

Divide the square of the half chord by the depth of 
irch (('), add the divisor to the quotient, and half the 
nm equals the radius. Divide the half-chord by the 
idia«, to got the natural sine of half the arc ; find 
X the table of natural sines, the angle corresponding 
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with the sine thus foand, and doable that augle, for 
the number of degrees in the arc. Multiply the num- 
ber of degrees (reducing minutes and seconds to the 
decimal of a degree), by .01745829 (» length of a de- 
gree, radius being equal to 1), for the length of the arc 

Then, in the same manner, find the length of an arc 
upon the same chord, and with a depth (t/) one or two 
per cent greater or less than v ; and, the difference in 
length of arcs thus found, is to the difference between 
V and t/, as the change in length of arch due to the 
given change of temperature, to the rise or fall of the 
arch> resulting from such change. 

By applying this rule to a specific case, we can the 
better appreciate the importance of the effects of change 
of temperature upon this species of arched ribs. If we 
assume an arch of 500 feet chord and 50 feet depth, «r, 
we find the length of arc to be 513.25 ft. The length of 
an arc of the same span, and a depth {v') » 51 /L, is 
513.715 /<f., the difference being 0.465//. The expan- 
sion of steel for a change of 110® Fahnenheit, is 
.0007271 X length (513.25), — .37318. We have, there- 
fore, .465 : 1ft. : : .37318 : .8025/3?. — rise or fall of the 
arch in the centre, resulting from a change of 110®. 

Regarding this rise in the centre as the abscissa of 
a parabola, and the half chord as the corresponding 
ordinate, the rise at any other point of the curve is 
equal to the difference between .8025, and the abscissa 
answering to the ordinate of the given point 

Suppose the point be 10 feet from the end, and the 
ordinate, of course, 240^!!., we have, 250* : 240* : : .8025 
: .7395 » abscissa for the given point ; whence, the 
rise at that point, equals .8025— .7395 * .063/2. 
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Lot Fig. 21 representtlie end portion of the nrol],«6a 
le upper, auii jTc the lower member, fl? nini be the 
width ofwob,— 12', ab, with a 
bori^ontal reach of 10', equals 
10.75', Then, b^ being re- 
gardL'd as a reututigle, the 
diagonul ac= Itj.lft and the 
temperature boiiigr.iiaedllO", 
thepoinlsftand c rise lofc' and 
c', bb' bt'iiig equal to the ver- 
tJcal rise multiplied by the 
cosine of the angle tiM, i. e., 
eqnal to .002 X cosine abil. 
"his angle is a little over 22°, and its cosine nbont .93 
rbence 6&'=.058lt,=(*c'. Joining a with c', and draw- 
Dgey at right angles with ac, and «c' (as these lines 
•e eseentitilly ]iarallcl), we have ef,^cc'x sin. ncb^cef 
— ■■.038fl,= the contraction required to take place 
I thti length of the diagonal ac, to accommodute » 
tuuige of 110° in temperature. « 

In the mean time the point t rises to (^, th'> distanca 
t being equal to .1147, bo that t'c' is extended nbnat 
le BBino as a<f is contracted; a change equal to what 
roald bo produced by a force of 70,000 ttis to the square 
ich of cross section. 

If tho normal length of the diagonals be adjusted for 
modiaR] tompcrature, the change would be half the 
e amount each way, or equal to that produced by 
SiOOl) lbs to the inch. 

8acceeding diagonals toward Uie centre would be 
ftctMi in a similar manner, though in a less degree ; 
Bd tho consequence must be an accumulation of thrust 
C compresaioo upon the inner member toward the 
utra, and the outer one toward the ends, upon a rise 
17 






:e -TTn.-fT-iriir-i, laii •±j» rs-rerae on a fiiU below the 

ri3 '^zm : J Web. 

UZZinX T r ii xr:ii re .5'X' ft. chord, and 50 foot 
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"t liL^z ^^crz:i tiiazi -aKrh a load as assumed 

^-i-'^' ^ T"". li '^r-tnc.r'i Tj Fl£. id, the aggregate abe^ 

r^: ■ - -i-vij-i i^L m vat-I. traverse* a zoue of .162r, 

i-: :a. 1 ::. :? ::4i*i. :: .l:i x :•:■ — 3.1 ft. If the web, 

:...,--- •:. :•; "r..! ?;-=■: -v-.I^ i^rw-ieQ eeDtres of curved 

-_-.i:. •- >. ::-: r-. ;_ .':ri:cC :i.-ve will reach the ceutre 

.: -sil- ^.n. -•:•-> i::v-r ici^rs :r zreatest aberration, 

\t . . V. *. _..i ri-i -\ 1 le -.'iiri:?: i: ihese (*oiutd. will fall 

•: *:. jw >» .; r r. :r:i':»fr". Trrcu:".^ as we have already 

:H.-, :. '- ■.^- -*:;-: "c "rli-r Ani ^nt of chnist due to a 

v j vj;- : :. : . :.r'^ "-.u 1 : ':.=L-i^ over 55 por cent more 

*--,-vi : -.i-- A -:*_r:j.. iIa:: i::ier a f-ill load. 

AzTi- • 5:vo.^ :l:*f •^-.': -o b-^i 12 feet wide. The 
r.>::c--.;-i J ir.-i v:.!" i irrr-.-^a/c withia two feet tif the 
ci^^r .* ;, :• v-rnr-vr-l r:=!::i?er?- tLruwing upou one 
::..::--•.' a: ::^ >;?:i:. j.r : ti-.-c the opposite member 
i: J.- ;:" -rr "Ti:-- t. j.!:ii.2?: S) ler cent more action than 
w' J.: :< ir o-:\£C bv :i^ riH daxTniam load. It was 
i':. ;w-„ rj 'rtovtr ""-Xiv^ :ba: coihing short of .545ra 
..■4v X : . =.17.*Io :^^: ^"..::: o: w€^-. could be relied on to 
g* vc is siv.a"", :i 5Cr^:5* 'i>?v. the oarved members in this 
rar::.**.:'^r ^:ase o: a rartial. as that produced by a full 
xiiax:r.rj.T:: load. 

T:.l^ wou'.i be a:i '.r.:o!:ver.:ent. and an expensive 
^i..i:h o: web. at:! pr?b-db'y i less width would be pre- 
ferable, oveu witli a sr^ater occasional stress upon the 
carve»l merribers which ruicbt l>e enlarge*! in section 
in parts liable to the greater stress. But I shall not 
undertake at this time, to determine the exact optimum. 
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Finally, considering the difficulty of securing the 
most efficient thrust action of the curved members of 
the arch, the serious disturbances as to the action of 
the diagonals composing the web system, occasioned 
by changes of the temperature, together with the extra 
weight and strength of piers and abutments to with- 
stand the horizontal thrust of the arches, it seems rea- 
sonable to conclude that the erect metallic arch bridge 
will only be adopted under rare and peculiar circum- 
stances ; and that in such cases, the plans should be 
subjected to especial examination and investigation. 

Truss bridges possess the advantage of having all 
the forces in operation, except the vertical action of 
weight, and the opposite resistance of the end supports 
resisted by means of members contained within the 
structures themselves, and composed of materials of so 
nearly uniform expansibility by heat, that no important 
disturbance in the relations of the different members, 
can be produced by changes of temperature. Plans, 
•1sO| may be so arranged as to secure a near approxi- 
mation to uniform maximum stress upon all the parts ; 
at least, to a much greater degree than seems practica- 
ble in the case of the arch without chords. 
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BRIDGE MATERIALS. 

LXXX. Having discussed the general principles 
and relative characters and merits of different plans 
and forms of bridge trusses, and their proper propor- 
tions, particular and general, the question as tc the 
best materials for the purposes of bridge constraction 
may properly be considered. 

We have seen that the materials of a bridge tross 
are principally subjected to two kinds of action, that 
of tension, and that of compression. Lateral, or trans- 
verse action should be avoided in the principal parts 
and members of the truss. 

It is obvious then, that those materials best calcu- 
lated to resist these kinds of force respectively, sbonld, 
when practicable without sacrifice of economy, be em- 
ployed in the situations where those forces are respect- 
ively exerted. For instance, when the diagonals act 
by tension, the upper chord (or the arch, in case of 
the arch truss), and the verticals, should be composed 
of the material best adapted to the sustaining of a com* 
pressive force, while the lower chord and the diagonals, 
should be of the.best material for sustaining tension. 

Wood and iron are the only materials that have been 
employed in the construction of bridge superstructures 
to an extent worthy of notice ; and it seems reasonable to 
conclude that on these we must place our dependence. 

Cast iron resists a greater compressive force than 
any other substance whose cost will admit of its being 
used as a building material. Steel has a greater power 
of resistance, but its cost precludes its employment u 
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a mnterial for building purpoaee.* Wrought "iron re- 
compression Dearly equally with cast iron. But 
ita cost is twice as great, which gives the east iron & 
decided advantage. 

On the other haiii], wrought iron resists a tensile force 

mrly four times as well as cast Iron, and 12 or lH 
timea as well as wood, bulk for bulk. 

Not only are these the strongest materials, but they 
ftr« aUo the most durable. In fact, with proper pre- 
cautions, they may he regarded as almost imperiehnble. 

It would seem then, that wrought iron for tension, 
and cast iron for comprcsaion, were the hest materials 
that could be employed in building bridges. But 
wood, though greatly inferior ^ strength and dura- 
bility, is much cheaper and lighter, so that, making up 
with quantity for want of strength, and by frequent re* 
nevrals, its want of durability, it has hitherto been 
almost universally used in this country for bridge 
bdilding; and, in the scarcity of means, and the un- 
Mttled state of things in a new country, where improve- 
znentB are necessarily, toa great extent, of a temporary 
character, this is undoubtedly the moet economical 
material for the purpose. 

But it is believed that the state of things has now 
asoumed that degree of settled permanency in many 
parts of this country, and available means have accu- 
loalated to that extent whioh renders it consistent with 
true economy to give a character of greater permanence 
to oar improvements; and, in the erection of import- 
ant workfl, to have more reference to durability, even 
at the cost of a greater present outlay. In this view 

• nun fcmkrii. tn«df oriBin«11y uniuc twenty.five ye*n Atpi. mAj r»- 
,bIi« iKimH mndlfiivtion >t Uic prpHcnt time, when ttoei i* bi'inii ""■• 
flnywl oitRiMlTrl; fiiT mil wky Irack, uid in wime inipnrtaat Brrh luid 
brlilgni ; bul not tn trufs biidgue, to the writer's knowlodips. 



184 Bbidgb BuiLBiNa. 

of the subject, it seems highly probable that one of th« 
channels in which this tendency of things will develop 
itself, will be in the extensive employment of iron in 
the constraetion of important bridges. With this im- 
pression, I proceed to some general comparisons as to 
the relative cost and economy of wood and iron as 
materials for bridges. 

LXXXI. The power of cast iron to resist compres- 
sion, equals some twenty times that of wood; conse- 
quently, it will only require one twentieth as mnch of 
the former to withstand a given force, provided it can 
be put into a form in which its liability to fleznFe, and 
yielding laterally^ is*hot greater than that of wood. 
This may be accomplished in part, by giving the iron 
a hollow form, so as to make the diameter of the pieces 
approximate to an equality with twenty times the same 
amount of wood, which must generally be osed in A 
simple rectangular, or cylindrical form of section. 

Assuming, then, that a cubic foot of cast iron will 
do the same work as 15 cubic feet of wood (after mak- 
ing allowance for the necessarily smaller diameter of 
the iron), we can institute a comparison which woald 
seem, upon the surface, to show the relative economy 
of the two materials. 

A cubic foot of cast iron, manufactured for the work 
will cost about $18.00. 15 cubic feet of wood inabridge 
will cost, say $6.00. Whence it appears that the cast 
iron is more than twice as expensive, in the first outlay, 
for sustaining a compressive force, as wood. 

Again a cubic foot of wrought iron in the work, say 
450 tt) at 7^cts.»$84.00. 

Wood is about y^ as strong as iron. But about one* 
half of its fibres must be separated in order that the 




liKlfmay be so coiinectuil in the structure, as to 

btf ttvailiible to their full strtugth, actiDg by toiiBion. 

Eluncc, it will take sooie 30 I'cet to equul one of iron; 
I for which it will cost, say $12 ; showing a difference of 
I A little leB8 than three to one ; making the avenige for 
f both kinila of iron, reckoning equal quantities of each, 

ftboiit 2.Q to 1. 
To offiiet against tliis, we have the superior durability 

of the irtm, which, as before observed, may be regarded 
I iiupcriBhftble; whereas, wood requires frequent re- 
Inewals, at a cost each time, equal to the tirst outlay. 
llTow, the first cost of the iron is Bufficieut to provide 
1 for the first cost of the wood, and nearly two renewals. 
I Besides this, money, though an inanim.ite i^ubslnnee, 
) i«, ne%~ertbeless, in these usurious times, made to he 
lexcMMlingly prolitic ; insomuch, that with good man- 
|agi»ni.iDt, it is found to double itself once iu ten or 
I twelve years, acconling to the hardueaa ot'/ace in the 
I loader, or oi fortune- in the borrower. 

Asaamiug 5 per cent per auuum as the net income 
' of money invested, the term of time in which the 1 ,Yji 

dollon saved in the wooden structure, will require to 

» produce one dollar for renewal, will show the time that 
wood OQght to last, to be equal with iron in economy, 
One dollar and sixty cents at compound interest will 
yield, at 5 per cent, one dollar in a little leas than ten 
ytun. Therefore, if an imperishable iron structure 
cost 2.6 times as much as one of wood, and the latter 
last bat ten years, and money will net 5 per cent, com- 
poutid interest, the two materials are nearly upon n par 
SB to economy. 

(]>crieMco \i»a shown that wooden bridges, unpro- 
[ by roofing and siding, seldom last with safety 
I, or thereabouts; and, 
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re fXT^Hiifii ?:< :z.^:^fti3e the dambility, the less surplus 
;:aj:cul ttJI ':e lf± :o be in vested toward renewals. 

^ \\\.: B-:: tie ib-?ve comparison is too super- 
i,v\il Az.»i r^^ier^I to be enntied to a great deal of con- 
ii-rC'^e. ^rjecc, TerLirt?, as it regards the sostaining 
,••: X r>i=i -sc^x"-: br a &mple post, or suspending it by 
X :iir ,"r r>: :: ir:*c or wood. In the complicated as- 
ieci'r'xp* :: r:i\:es fomrng the superstructure of a 
:-: L^r. :l.irr ±rr -:in:er:KH other fects and considera- 
rl:c> T.i::i ziATer:A"T vxnr the results. First, there 
:< i I':^:": Tj :- vvcn^i^rinj pieces of timber in such a 
r:-irr.:r :':.i.: c^rrj r^m mav be proportioned to the 
>"r^rir:* r?-: ::r^-: of ::* :o the same extent as can be 
vi:^-: ^".:1: :-r.. ^eov-.'i. it i> freqaently necessary to 
r.st*>:cr>!! Uric"; ::iAcn::*?of:ron in bolts and fastenings 
: r y ::::-vc : '^:ler Jk >Tri,::are of wiood requiring great 
*r«r: -TV, T* irL wvxi scH>a Io«?es a portion of its 
s^T. -^r^. ':\^:\\rt:i* ircar. ir-d ci>nsequentlyy requires 
i : : :: V .i" >:rv:-vr^*:: in :ne beginning, that it maybe 
<;iv vr 1 :::v<* iftcr oev^-jLv has commenced. 

K::vV. r .:: l::**e c-jtr. be prevHcated upon the simple 
g-c: v-:il vV-:rsi-:?.."r of wood and iron as to strength 
iui vv>?:. re*i::re :o :he eompamtive economy of the 
rvT -» r.idter. *.*< for brivi^e baildin^. 

I: :> o* > by o-.^mrArtng the results of actual experi- 
ev.oe, or. wLore this his no: been had, by comparing 
;I.e rv:?3l:s of detti:*^?d e$::ma:es, upon well matured 
p'&::<. touv.ied on well e$:ablc$hed principles, that a 
5at:sf;io:ory cv^nolusioa can be arrived at, 

Wich regard to wooden bridges, much experience has 
been had, and the rea^^nable presumption is, that a good 
degree of eo.>nv^niy has been auatned in their construe- 

^* But the idea of buildiuir ovu brid^ces in thi» 
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couutr/iisof receat date, aad bat little Uaa been experi- 
meutally proved ia relatiou, to their cost aud qualitiea. 

LXXXm. This much, however, my own experience 
bu demoaatrated. Ilaving received Letters Puteut for 
ao *' Iron Trasd Bridge," upuii the arch trims plan, and 
coDstructed two bridges thereon, over the Enlarged 
Srid Cunul (uf 72 aud 80 feet apuns), one of which hu 
beeu in am for six years, it may be regarded as a de- 
moDstratud fact, that bridges may ho sustained by 
iron tnisnee. It has alao been shown thut tlie cost of 
the ahovo clans of bridges, is only about 25 per cent 
more than the s^tme class ot bridges of woo<l, as hereto- 
/ore fctiirt, under the most favorable ciroumstances, upon 
■be Krie Canal. That tlie iron portion, constituting 
Bome three- lour! he of the whole, as regards expense, 
io the iron bridge, gives fair promise of enduring for 
>gM, while the wooden structure can only be relied uu 
to lust eight or ten years. 

Upon tbuse facts, experimentally established, I found 
the following comparison : 

A common road hndge of Vlft. span (the usual 
length for the enlarged £rie Canal), will cost, with 
iron trusatea : 
For 7,000 Iba-ofcastiron at 3cU., $210. 

** 6,000 " " wrought iron, manufactured 

fur the work, at Tcts 420. 

•* Timber, labor and painting, 230. 

*' ISupcrintondencu and profit, 80. 

Whole 5rflt coat, $940. 

$175 will renew the perishable part once in 
9 yo«n», to produce which, at 5 per oent 
compound interest will require capital of, 820. 

Total for a perpetual maintenauce, $1,260. 
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"With wooden trasses, fiistened with iron 

for timber, labor, paint and proiity $550. 
" 2,000 ft)8. of iron fastenings, 150. 

Whole first cost, $700. 

(Some have cost flOOO, or 1 12,000, and taken 

8 to 4 thousand pounds of iron) 

To renew $550 worth of perishable material 

once in 9 years, will require, at 5 per 
^ cent, compound interest, $1,000. 

Total tor perpetual maintenance, $1,700. 

The reason of the apparent difference between this 
result, and that arrived at from the general comparison 
of the cost, &c., of wood and iron, is, that the bridges 
here referred to, have been constructed with a very 
large amount of iron fastenings, and with large quanti- 
ties of casing and painting for protection and appear- 
ance. Were the comparison confined strictly to the 
expense of timber work, in the sustaining parts of the 
trusses, the result would be found not to differ so es- 
sentially from that of the general comparison. 

The above estimate of $700, for the first cost of a 
72 foot wooden bridge, though considerably below the 
average cost of canal bridges of that description, is 
nevertheless believed to be greatly above the minimum 
for which bridges may be built, dispensing with the 
parts which are not essential to strength. 

It is probable that bridges may be built for $500, as 
aboutthe minimum, of equal strength and convenience, 
and nearly the same durability, as those hitherto built 
upon the Erie Canal Enlargement at a cost of from 
800 to 1,000 dollars. Upon this supposition, which 
may be regarded as an extreme ease in favor of wood, 
the comparison will stand thus : 
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FifBt cost of wooden striietare $500 

Capiul iuvesled at 5 per cent to produce $600 
oiioe in 9^'eara for rtiuewal, S09 

Total for perpotuiil maintenance, $1409 

The same for iron structure, as above, 1260 

Balance in favor of the iron bridge, ?149 

Finally, since theoretical calculation and general 
lomparison show a jirotMbU advantage, for a long term 
if timOf and experience, as fur as it baa gone, ahows a 
Ueideil advantoge in favor of iron, it would aecra very 
InwiBC to discard the latter, without at lenat a iair 
lili] of ita merits. If in tbe first essays ut iron bridge 
IDilding, the iron bridge has competed so successfully 
ritb wooden bridges, improved by the experience of 

[08, may not the most satisfactory results be antiei- 
•ted &om an equal degree of experience in tbe con* 
truction and use of iron bridges 1 

LXXXIV. Presuming the affirmative to be the 
inly rational answer to the above question, I have ar- 
Boged the details of plans for carrying into practice 
be preceding principles and suggestions in the con- 
tmction of rail road bridges of iron. 

I have also made careful detailed estimates of tbo 
Spensc of bridges of different dimensions and in dif- 
&r«ot circumstances, some of the more general results 
f which I will hero state. 

In proportioning the parta of a rail road bridge, 1 
lave ftiwumed that it may be exposed to a load of 2,0U0Kis. 
*r foot nin, for tbe whole, or any part of its length, in 
dditioo 10 its own weight ; and in case of tension, have 
llowed one sqnare inch cross section of wrought iron 
»re»ery 10,000 lbs. of the maximum strain produced 
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upon every part by such weights, acting by dead pres* 
sure. In case of thrust, or crushing force, I have al- 
lowed one square inch cross section of cast iron, for 
every 12,000&)s. acting on pieces (mostly in the form of 
hollow cylinders), of a length equal to 18 diameters, 
and a greater amount of material, where the ratio of 
length to diameter is greater; always having regard 
to practicability, as well as theoretical proportions, in 
adjusting the dimensions of the part. 

My estimates, made upon these bases, have fully sa- 
tisfied me that a bridge of 100 feet span, with track 
upon the top (with wooden cross-beams), will cost about 
$2,000, or $20 per foot, assuming the present prices 
of iron (1846), in ordinary circumstances. If the track 
pass near the bottom of the trusses, the expense will be 
increased by two or three dollars a foot. 

For a span of 140 feet, by a liberal detailed estimate 
I make, in round numbers, a cost of $4,000. For 70 
feet, I estimate a cost of 9 to 10 hundred dollars, ac- 
cording to circumstances. 

Thus it will be seen that actual estimate makes the 
cost of a single stretch of any length, very nearly as 
the square of the length, as should be expected from 
the nature of the case. Hence, knowing the cost of a 
span of any given length, we readily deduce that of a 
span of any other length, in similar circumstances, with 
reliable certainty. 

Now, although my investigations have forced the 
conviction upon me, that where strong and durable 
bridges are required, iron should be preferred in their 
construction, still there is a multitude of cases where 
wooden structures should be preferred ; especially in 
sections of country comparatively new, where timber is 
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plenty and capital Bcarce; and where improvcmenta 
-Btost neceaaarilj be of a more temporary character. 

With this view of the subject, I have given consi- 
liderahle attention to tbedetaik of wuoilen bridges; and, 
•with a good deal of inveatgation and experiment, have 
ftrranged plana which are confidently believed to poa- 
a important advantages over the plana generally in 
use. 

The preceding few pages have been transcribed from 
tlie author's original and first essay upon bridge build- 
ing; and are introduced here, not on account of any 
practical value they may possean in the present state of 
progress in the science of bridge construction. But 
they may possess some little interest as niarj^iog about 
the starting point of the construction and use of Iron 
Truss Bridges. 

If the estimates above exhibited, of the cost of iron 
bridges, appear small and inadequate, uii'ler ttie lighla 
AimiBbed by the experience of a quarter of a century, 
roncb allowance may be claimed on account W the 
change of times and circumstances within the period in 
,qn«stion. And, when it is borne in mind that the 
■athor actually contracted for, and built iron railroad 
bridges of 40 and 60 feet span, for $10, and of 146 feet 
for 030 per foot, the estimates above given may not 
•Mm entirely preposterous, allliongh much higher 
prices are obtained for bridges of like dimensions at 
tba present day. 



PRACTICAL DETAILS. 

TfXXXV. In preceding pages I have endeavored to 
iv« A abort and comprehensive general view of the 



142 J^RiDaE BuiLDiNa. 

subject, and to ascertain and point out the best general 
plans and proportions, for the main longitudinal trusses, 
or side frames of bridges, and the relative stresses of 
their several parts. 

The side trusses may be regarded as vastly the most 
important parts of the structure, and the strength and 
sufficiency of these being secured, there is much less 
difficulty in arranging the remaining parts, the forces 
to which they are exposed being much less than those 
acting upon the trusses. I propose now to enter more 
into details, and give such practical explanations and 
specifications as to the strength of materials, the 
methods of connecting the several parts or pieces, both 
in the main trusses, and other parts of the structure, 
illustrated by the necessary plans and diagrams, as, it 
is hoped, will enable the young engineer and practi- 
cal builder to proceed with judgment and confidence 
in this important branch of the profession. 



••♦* 



IRON BRIDGES. 

Stbsnqth of Iron. 

LXXXVL Iron has the power of resisting mechani- 
cal forces in several different ways. It may resist forces 
that tend to stretch it asunder, or forces which tend to 
compress and crush it ; the former producing what is 
sometimes called a positive^ and the latter, a negaiioe 
strain. It may also be exposed to, and resist forces 
tending to produce rupture by extending one side of 
the piece, and compressing the opposite side ; as where 
a bar of iron supported at the ends, is made to sustain 
a weight in the middle, which tends to stretch the 
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Jower, and compreao the npper part. This is called a 
\aUrat, or triuieverse strain. 

Iron msiy likewise be acted upon by forces tending 
o force It asunder laterally, in the luauner of the ao- 
Mou of A pair of shears. This ie called a shear strain ; 
■nd thougii less important than either of the preced- 
i; cases, it will frequeotly nave place in bridge work, 
^rtially at least, in the action of rivets, and conucct- 
ng pine. 
With regard to the simple positive and negative 
Strength of iron it is only necessary for me to state in 
Ibis place, as the result of a multitude of experimenla, 
Uiat a bar of good wrought iron one inch square, will 
sustain a positive strain of about 60,0(J()Ibs. on the 
Kveragef and a negative strain, in pieces not exceeding 
•boat twice the least diameter, of 70 or 80 thousand 
poundd. But in both cases, the metal yields perma- 
nently with much less stress, than the amounts bore 
bidicstcd ; and hence, ae well ss for other considera- 
tions, it can never be safely exposed in practice, to 
more tliau a email proportion of these stresses, say 
ftora i to \. 

Cast irotiresistsapositivestrainoflS.OOOto 80,000ft>8. 
» the square inch, bat usually, not over 18,000. But 
t Is Mldom relied on to snstuin this kind of action e^ 
pecially in bridge work, wrought iron being mnch bet- 
ter adapted to the purpose. On rare occasions, it may 
[ierha|» safely bo exposed to a strain of 8,000 to4,000ft>«. 
to tbfl square inch, but should not be nsed under ten- 
don strain, when wrought iron can be conveniently 
nbatituted. 

"Oaat iron, however, is capable of resisting a much 
valer negative strain, than wrought iron; its power 
' naistance in this respect, being from 80,000 to 



jMHibaL : iei'iLcinL jsm daa IQO.OOO to the 6qiuire 
. n lieisfis lut -^T^nwHFng :a l€ngthf twice the least 



!l»ir in oiessfs ir fvnis. Esiessocia is mxzst frequently 
i» -snxiicnrast .iL ifTiLrt v-xk. finictxire woald take place 
vr jkt^Tu Ledeiid':!!. t^*^ a mach smaller force thaa 
r.-iiud insh. ri»£ ssuueriaL It ia therefore neces- 
11 ikisz jip:: iA!ii::>i&t the lemrth and diameter, as 
-vsl j» 'tie ir:i3-'iei:cocL, in order to determine the 
may mil n: ^im-zrts&^jc vhich a piece of cast iron, or 
iLiz±rriL m^iT be relied on to sostain. 



mZilimZ. Tie <^^e of lateral deflection resniticg 
±nm. iurnis itclI-^I at the ends, and tendius^to crash 
& jnur ii*£ii^ -^ --'^ direction of its length, is supposed 
-D » 1 -wmz zt laiformity in the material, and a waut 
if ^auh in itijii?: of the forces that the line joining the 
saitrss :c zr^s^nre at the two ends, may pass through 
"iie iwtr* oc resistance in all parts of the piece. 

T5tfse elemerts are liable to considerable variation, 
md a:i -'?t be very closely estimated in any case. 
"J^uarsp:n* the ab5»Dlate power of resistance for a piece 
rf MOR'Ierable length, can not be deduced by calcala* 
:5i?tt rrxtt the simple positive and negative strength of 
^< 3Li»rtiu bat resort mast be had to direct experi- 
SMtLt opcc the subject ; and, even wide discrepancies 
^Hi*d natarilly be expected in the results of experi- 
iirts^. azi!ess the lengths of pieces experimented upon, 
x^ ¥«▼ considerable- 
la T^sf^ect to pieces, however, having their lengths 
L^ ^> twenty or more times their diameters, a some, 
remarkable degree of uniformity is found in their 
of n^ative resistance, and the following for- 
mK deduced theoretically, though not fully sustained 
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y experiment, may be nsGful in detormi 111115; «pproxi- 
lateljr the relative powers for pieces of eimilur crosa- 
»tiona, bdt different dimeoiiionB, Tlie power oi 
Bsiatance(K},isas tbe cube of the diameter {</), directly 
nd aa the sc^uare of the length {I}, i^voraely, that 13, 
t i« aa ^. 

Tbe reason of this formula may be iltnstrated with 
l^fereDce to Fig. 25, in which adb reprenentri a post 
[ttded at a, bo aa to bend it into a curve, of the half 
fwbich <vi is the versed sine. It is obvious that in 
bie condition, the convex side of the post is exposed 
9 tension (or iit least, to leaa compreasion p,Q 25. 
two tbe other side). an#tbe concave side 
II compression ; also, tliatthe effi'ct of the 
lata, toward breaking the post at <^, 
w tbe versed sine ed, which is as tbe 
^atre of ab. But the power of the poat 
> resist rupture tranavorsely, is manifestly "> ' C 
B thecross-section of the post (i. e., as the 
jnare of the diameter), multiplied by tbe 
Ameter. Hence, the power is as the 
nbe of rhe diameter. Now, the ability of 
in pMt to sustain the load iit a, is directly 
I the power to resist rupture, just determined, and 
irersely as the mechanical advantage with which tbe 
Md »ctB, above seen to be as the square of the length 
rthe poat Hence, the formula. 

Woahftll see as we progress, the relation which thia 
mala seems to bear to tbe results of experiment. 

The following list of experiments made by the author 
)me K years ago, though few in nnniher, and upon 

aomewhat diminutive scale, nevertheless, may afford 
kOM light as to the laiv governing the resisting power 
Teart iron in pieces of different lengths, as compared 
19 
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with their diameters. It may at least eoable qb the 
better to appreciate the better lights since ehed apoB 
the subject. 

LSXXVm? EXPBRIMESTS UPON THE NbGATIVI 
SlBEffaTU OF OiBT IbON, IK LoSS FiSCBS. 
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From experiments 7 and 8, in the above table, it 
appears that cast iron will Bustain at the extreme, in 
cjiindncal pieces whose lengths equal about 14} dia- 
meters, a negative strain of 41,000 to 51,000fba to the 
square inch, say an average of 46,000. Square bars, 
according to experiment 9, length equal to 18 diame- 
ters (or widths of side), will ttuetain about 46,000fi»s to 
the square inch. 
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Now, a hollow cylinder of a thickneaa not exceeding 
Bboiit ,■) of the diameter, according to ealciilalion, Las 
ft 8lif!ne8a transfer^ely, about 50 per cent greater to the • 
•qiiare inch than a solid square bar whose side equals 
D width tlie diitineter of the cylinder. Ilctit-e, a hollow 
Cylinder of n length equal to 18 times its diiimetor, 
■bonid snstaiu a negative strain of 67,500 lbs. to the 
•e inch. But it should be observed, however, that 
direct experiments upon the transverse strength of the 
pieces uf<ed in the experiments leading to the results 
ftnd conclusions above stated, as to negative strength, 
ihowed them to possess uncommon strength transversely, 
•vea to from 30 to 50 per cent greater than the fair 
KTerage transverse strength of cast iron ; as will he seen 
lereafter. It is therefore not considered proper to ea- 
imate the strength of hollow cylinders of the prnpor- 
ions above stated at more than 45,000 or 46,000H)S. to 
he square inch. 
The hollow cyliuder is undoubtedly the form best 
lapted to the sustaining of a negative strain, having 
iqaal stiffuees in all directions. It is therefore Idghly 
loeirable tliat the power of that form of pieces to resist 
Dmpreasion, with different lengths, should he ascer- 
ftined by a careful and extensive series of experiments. 
3ut QDtil that shall have been done, and the results 
Dado known, I shall assume the above estimate upon 
he sabjdct, as probably not very fur from the truth ; 
ol^cct, however, to correction, whenever the facts aud 
iTidcnc«8 shall be obtained, upon which the correction 
1 be founded.* 

Id the mean time, since we know not the exact ratio 
Wtwceii the greatest safe practical stress, and the tih- 



I ffiaoc th« oH(tin&l wHtinK of thin p«ni(trai)li {Z'i veam ■ffo), Pilcn 
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z - — i : : i-^r-c. *zi therefore should in practice 

: r". : z -i". 7 -s":*.-:!. the limiis of probable safety, 

■_-? i - ir^r :: less Liu(K>rtance to know the 

:-r: ::f ?^rir:l : "±?a^h this, of course, is de- 






Hi^rz ir-::]ed upon a measure of 
?^-: ^- : - : e:*=-j :: i ^.Tez. length, we may properly 
i . [ i- -r " i<-rTi.:" :":■£• ra:e of variation for different 
'.. . ^' * -? :■ -iT^ri-i -sH-Zr. :he diameters. 

I' ->:--■ ::.T :^':"r, ^ixxrrin] that two cylindri- 
.j. ; : •:> ■" * .i::r* :r. length, b«?re the one 990, and 
t. . :: *'*r""?.. giv^.ig a meain of 984 pounds. 

N ; • . •■ ■". r :\ -til -".A --. the same ovlinders reduced 
"J r - . i^. ?".:-. i sirt^::: f>ar times as much, or 
: ' 't":^-^ -- :•> ': J -■3rr«er:cirnts 7 and 8, we find that 
t ; . ..-: :- :• i."^.^ i:: : o.-21S, a mean of 2,899 
■ •" ->. ™-f":..*£ it it y-v-r? that, the diameter being 
: : >.v .:.: : stT^r^rtl i::v.:r.:5be5 faster than the length 
• .— :...>i-. '; .-.t v.:t >? fist as ihe s-ju.ire of the length 
1 :-. . -:> . ':•;■ v.c i'roit hal: ^av between the two* In 
?'..:.:■: -x-'.-'-r.e tlr r>:-sults of these experiments 
:' "• * ,: ' :*. ^c i". - ti it the weights borne by pieces 
^-:* ■ v. . -'.vsi-svJt::::*, T.V.rthor round or square, were 
v.-. ■•,■.-■'.- :..c ir-.:-.r::r:::A*. mean between the results 
v^V:,-.- ;.: Vv v."rs:.:err.g thorn to be inversely as the 
s::v.*;\' \ -/.c-* . itii as tie s:i::are of the length, succes- 

S'vov. 

V.r :* .:>:r,'.:-..^v. : tsko cxperiraents 1 and 5. If the 
•j^lvvc ::'* *• ; .c> *.v.i: Ivro i*f*0 ft»s.. taking the strength 

b^-rt* ••■l -a^xl !ir 1 :r.^- ?.:•■-*-* 4.-- coavenieat fonnulae de«laced upon 
•.'v • * :■ V •^ "^^v. w*-..:*:-. r.v.y?.: -.vr'-iirvs. be pn^fitablj gubstitated 
J,»- . ■ .- '« 7 '. - * 'wr :r.; * :' .v.v. -::: ^r.< in :iv.ii Ivlialf. But. as previously 
i\-.v.*-^.\". ■:•. .*:*: r^vv**; ■?.*. "*:;«■ ".i-or ia*y p>«..>« interest as afibrding 
a ii;^k;v.'.;-/: ;;:v^ thf l;r.i- o: ;'itf laanr'a of pix^^fivw. 
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3 be inversely as the length, we have thia proportion 
: ^:;9&0 : 1,255. Theu, taking the strength to be 
Invereelj as the square of the length, we have : i^ : v-jL. 
; 1,591. Taking the mean of these results, we 
*nd (1,255 + 1,591), -i- 2 - 1423. This is the weight 
vhich, according to the rule, the piece in experiment 
B Bhonld have borne, and it varies only eibs. (less than 
I of one per cent), from what it actaally did bear. 

Again, take experiments 1 and 8; in which the 
lengths were as 2 to 1, Supposing the weights to he 
Inversely as the lengths, and as the squures of the 
•ngths successively, and taking the mean of the re. 
I0lt*.wchave(l,980+3,960i -i-2=2.970. which is 248ibs. 
B than the weight borne in experiment 8, But it is 
|jso8901bs.,(7r(«((rr than that borne in experiment 7, by 
Ipiecs of similar form and dimensions, hut an inferior 
ipecimen. It does not seem, therefore, that the rule 
B widely at tauU. 

The same role applied to experiments 4 and 9, 
engthsbeingalBo as 2 to 1, gives 2,781 Ifoa. as the hear- 
Dg weight, and 2,814 as breaking weight for No, 9 ; the 
brtner varying Tlfcs, and the latter 24fcs. from the 
veighta shown in the table. Now, if we observe that 
be one broke in a quarter of a minute, and the other 
ndared half a minute, it is no extravagance to assume 
hat if No. 9 had been loaded with 24ibs. less, it would 
lave stood \ of a minute longer, giving a result in prc- 
liae accordance with the rule. 

From what precedes, it is believed that the following 
nay bo adopted as a safe practical rule for deter- 
Dining the power of resistance to compression, for 
licces of aimilar cross-sections, after knowing from 
ttriment, tbe power of a piece of given dimensions, 
lod stmiUr cross section. 
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Bule : Mak» the power of resistance as ^, and as ~ «1AS 

cessivelj/, and take the mean of the results thus obiaincd, as 
the true result ; D representing the diameter (or width of 
Bide, in square pieces), and L, the length of the piece. 
This rule will be probably apply without material 
error, to pieces of lengths from 15 to 40 times as great 
as their diameters, and perhaps for greater lengths ; 
although, in bridge building, greater lengths will sel- 
dom be employed."*" But, as the length is redaced to 
8 or 10 diameters, or less, it is manifest that the power 
of resistance increases at a less rate than that given in 
the rule. For, we see by the table of experiments, 
that a square piece of a length equal to 18 diameters 
(experiment 9), bore at the rate of 45,000fi>8. to the 
square inch, which is nearly one-half of the average 
crushing weight of cast iron, and one-third that of the 
strongest iron. But according to the rule, a piece of 
half that length, or equal to 9diameters9 should sustain 
135,0009>s. which is about the maximum for cast iron ; 
whereas, experiment shows that the power of resist- 
ance increases with reduction of length, down to about 
2 diameters. It may, therefore, be recommended to 
apply the rule above given, to hollow cylindrical, and 
square pieces above 15, and to solid cylinders, above 
12 diameters. From those lengths dowa to 2 diame- 
ters, it cannot lead to material error to estimate an 
increase of power proportionate to diminution of 
length, according to the differences between the weights, 
or resisting powers determined as above, for square 
pieces and hollow cylinders of 15, and solid cylinders 
of 12 diameters in length, and the absolute crushing 

* It is probable tbat for greater len^bs tban 40 diameters, tbe for- 
mula -^ alone, woald be more nearly sostained than in case of mnaUflr 
lengthB. 
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weiglit of tbo iron ; that is, if a aquare piece whose 
loiigtii equala 15 diameters bear in pounds, and the 
cnubing w«ighl for piecea of 2 diutnoter^ be n poimda 
to obtain the rosiatance (R), of a piece of (16 — a), dia- 
meters in length, take »» + ^ (« — m)=R. 

XC. It has already been remarked that in practice, 
materiala should be exposed to mucb leas etruiu thau 
their absolute strength ia capable of sustaiuiiig for a 
short time. This fact is nuiveraally recognized, and 
the rea^oua for it, are perhaps, aufficiently obvioua; 
atill it may bo proper to mtiiliou a few of ihem iu this 
place. 

First, there is a great want of uuifortiiity in the 
quality and strength of materials of the aume kiud, 
and no degree of preoaution can always guard against 
tlie employment of tboae containing defective portions 
posseting less than the average strength. 

Again, when muteriala are exposed to a strain, al- 
tlioDgh it bu but a small part of what they can ultimately 
bear, a change is produced in the arrangement of their 
particles, from which they are frequently unable fully 
to recover; and whence they generally become weak- 
ened, especially if they be repeatedly exposed to such 
process. Uence, it often happens that a piece is brokeu 
with a smaller strain, than it has previously borno 
vrilhout apparent injury. 

Xow. there is no means of estimating exactly tlie 
allowance necessary to be made on account either of 
thtSM facte, ua well as, probably, many others. Oou- 
eeqai-ntly, wo ean not determine with certainty, how 
much ofu given material may be relied on to sustaiu 
with safety a given force. We should therefore, incline 
toward the side of safety, the more strongly, in pro- 
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portion as the consequences of a failure would be the 
more disastrous. Tiie breaking of a bridge is liable, 
in most cases, to be a serious affair, involving hazard 
to life and limb, as well as destruction of property. 
Uence, they should be constructed of such strength 
asto render failure quite out of the range of probability, 
if not absolutely impossible. 

XCI. Good wrought iron bars, will not undergo 
permanent change of form under a tensile strain of less 
than from 20,000 to 80,000 pounds to the square inch ; 
and though they will not actually be torn asunder with 
a stress below 50 or 60 thousand, and often more, to 
the inch, any elongation would certainly be deleterious 
to the work containing them, even if not dangerous 
from liability to fracture. Henoe, it is certainly not 
advisable to expose the material to a stress beyond the 
lowest limit of complete elasticity. 

In the original predecessor of this work, the tra- 
ditional allowance of 15,0001b3. to the square inch, was 
adopted as the tensile stress to which wrought iron 
might safely be exposed, and beyond which it was 
deemed improper to rely upon it. No evidences or 
arguments since that time, have induced a change of 
opinion in this respect. But in the case of a bridge, 
there is variety and uncertainty as to the exact amount 
of load, as well as in relation to the limit of safe strain 
for the material ; and while it seemed probable that the 
load of a single track rail road bridge would never ex- 
ceed 2,000ft)8. to the lineal foot upon any part of its 
length, still, seeing that rail roads were comparatively 
a new institution, and iron bridges for rail roads almost 
unheard of, especially in this country, it was deemed 
wise, in recommending their introduction, to so adjust 




I 
I 



IltON BfilDUES. 



their proportii^iis as to meet slmoat any poasible < 
tingencitre. 

This could be accompUalieil either by assuming a 
greater p(}»pible loud for tbe bridge, or a lower limit 
to th« atresa of roateriuls with the smaller load, with 
iLe tRime ultimate result. Ami, perhaps the former 
would have buen tbe more consUtetit course, as avoid- 
ing ibe neeniiiig absurdity of the asrtumpliuu that irou 
eoald safely staud a strain of 15,00OIba. iu a commou 
bridge, but ouly 10,(t001b iu a rail road bridge ; and the 
no ltf:<e seeming absurdity of assuming that the same 
taat4>riul could statid 50 percent mo^el^tl'uin in abridge 
cutapnaed partly of wood, than iu one entirely con- 
Slrucleit of iron. Now, instanceB in great numbera 
cuald be pointed out, of rail road bridgoa of wood and 
iron, where 2,0001hs. to tbe lineal foot would produce 
ft atresa consideritbly exceeding 15,000 to the inch upon 
certain bolts of wrought iron.* 

*Tlie auiliur liul occiuduo acvvrnl jvnn uutorpftr in the followiiig 
taiHaiiws In crirrobunLioi) c>r ihv «tni(iiii.-ot nbovp luaili.'. in this wlati 
" ThB bwi oviilen(» th»t i'Xiit» ■* to the oipnciir of > iiintoiin] to bew 
m otisin oitli Hl^iy. is derived ^ni expoHcncv w in thi; slmin it bu 
boFD cipoHiil la in norks, atid eondiciona nniiar lu iluife \n irbleh It 
!• {impfaui! lo I'ltiiilo^ ll. knd wlinm it haa bj lunjc nmtif. ptnvt^ Itaell 
Kdo(|iiKln VitiiK lalior runairud »r it. irnroufilit iron, for example, 
haa bcpii UH*< in milmM l)riil(t<<« for a nmni iiiihiIht at vmn. in 

I uiiil n>i>i«iMl iiittoiica, whore a gi*'*" l"""'. 'n »ifiiiii"u to 

.i<>r>trii.^ur«, wnuM |<n>ilnn< n|>»n It n l-iiMon uf l.'i.OOOlbt. 

inri' liirli. and Iim vrltLatfxxl aucli umfte without ca»it of f»il. 

Biit>~il bjr nianiftvt dolwla In tht< <|UBlity of iiiHlf rial, or \ij 
e>*iilaltji« wliidi auch Mracttirm nrc not t^iprrlH) lo bo |in«if ajtalnat ; 
h ma* be loirlir anBumnl to bn ivaaunabi; aafe and tvlinbli- in other 
nilioail briiiiftv nii"R> a rimiUr fCToaa Imul ata nni ptinlurft a Kreattr 
nnaa ; And modi more m, vrhnc a liku loul con only produca a atKM 
MMvbAlf, or iwii-iUirdB oa grcttt. 

Sow. it is [•mvidd in the |ilan berewlth prrscntctl. that a Ir ad of 
SJUOila In iho llnral toot upon «cli pair nf ntils, on tho whole, or 
■ny |«rt oTtim 1'-n^h nf the bridfii', ran not pr<idun> ii|Ktn any pan of 
tbn wniuiilit inin worlt in ihn tniMcs, a tmirion fix«w«lin(t lO.OOOllM. 
bi Ui»' Kiimiv Inrli ; an<t. to dhow timt aucb pruTiBloD is eminonlly aafo 
kbd Utwml. I ptKCHfld ta iflve ikiine uxaniptm of what tit" aame nuie- 
vtal 1* lUbl" tit irlth ihn mtav iuail in iitlier >trartiire«, whuro lung a«d 
ng« hu tally piDved iu> HuUlcieucy. 
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A Dd yet, it was deemed expedient by the author of 
this work, in the outset of the introduction of iron mil 
road bridges, to provide that 2,000fi)8. to the foot npon 
each pair of tracks, should not giv^a stress exceeding 
10,000ib to the square inch upon any part of the wrought 
iron work, not from a conviction that the material was 
unsafe under a stress of 15,0009>s. but to provide against 
the possible contingency of its being sometimes exposed 
to greater stress than that produced by a dead weight 
of 2,000a>. to the lineal foot 

XCII. The use of cast iron to sustain a tensile 
strain, should undoubtedly be avoided, as a general 

To bc^n with an instance near at band ; the bridjre from the Island 
to the main shore on the Hudson River rail mad at East Albany, has, 
in one of its stretches, trusses 48 feet lonjjf, in 8 panels. It is a doable 
track bridge with three trusses, of which the middle one sustains one- 
half of the two imirs of tracks, and of the loaus passin;^ over them. 

The truss is composediof top and bottom chords, and thrust braoes 
of timber, and vertical suspension bolts of wrought iron, in pairs ; and 
it is at once obvious that } of the weight of the tracks and their loads 
(or, of the half be^iring upon the centre truss), is concentrated on the 
two pairs of suspension rods located 6 feet from each end. [See d]agnim.J 

The weight of middle truss, and other parts of the structure sus- 
tained by it, probably exceeds 10,000 lbs., of Yl^ich }, or 14,000 lbs. bear 
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npon the endmost suspension bolts. Add 3,000 lbs. per foot for { of one 
pair of tracks, or rails, and it makes 56,00011)6. upon the suspension bolts 
in question, with only one track loaded. These bolts are 4 in number, 
and If in diameter; and, allowing -j^" to be cut away by screw 
tliread, the aggregate net, available cross section of the four. Is equal 
to 4.43 square inches ; whence the tension, with only one track loaded, 
is 12,641 lbs. to the square inch, and 22,120 lbs. to the inch with both 
tracks loaded. 

2. The bridge leading into the freight house of the Boston rail road, 
at East Albany, is a "Howe bridge," and acts upon the same princi- 
ple as the one just spoken of. It is a double track bridge with two 
trusses, having 8 jMinels of 10' 8'', and is a heavy covered bridge. Al- 
lowing 64 tons for weight of suf)erRtructure, or 56,000 lbs. for the por- 
tion sustained by the endmost bolts of each truss, and 2,000 lbs per 
foot upon one track, of which f at least, bears on one trass, glTing 
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mla ; ami, if on certain occiisioua it sboiiM be liable to 
that kind of action to a small extent, the stress should 
probftbly uot be til lowed to exceed 3,000 to '1,000 pouiidB 
to the sqaare inch. 

When exposed to compreaaion, iQ pieces of such 
length as to brcnk by lateral deflectioD, it is believed 
it may be aiifely loadisd to onc-tbird of its absolute cu- 
jaeity. If a long piece exposed to a negative strain 
have a defective part, it does not diminish its power 
of resistance to the same extent as when it acts by ten- 
•ion. The power of negative resistance being, iu a 
uure, inversely aa the deflection produced by a 



IWjDOO Iba. <m tliti end bolu. we have ISG.OOOlbe. easiuaei) hy (I bnlu 
«f 1(" diameter. Miitaltiing 8,1 wjUBro indue, braiili's urRw lliiviul. 
■" ' '» ■ strain of ia.a3f> lb«. to tliu B<jii«re inch with one track, and 
tU with both tnM^kH loaded wjili 3,000 Iba. to the 11 qmI foul. 
S. Tbo Zan bridge ovor the cmt-k in thi> sonth part or Troy, is % 
Aonble track eovnri-d bridge with three lrusn«, having 8 paneU of 
jyS" Datih, or BS.Gd It ausiained by tlie endmiM Buspi'nBiria l»1l«. 
S*T. of wctirht of Htrnclure beariiiK on end bnlta a! iitiddio tmm, 
' and of load u[nn one track S8.6<M, makinff laS.IMM Iba. on 4 
bolt* of 1}'' ilUmi'lKraiid two of 11" diameter, having a net cmes-Mc- 
Uon of Bijoiit 7 as »|iiar« inches. Henea iho stress must l>e ie.15() Iba. 
taihe Inch. With »u» tnck lowled, and 37,730 the., with 2.UDU ILi*. to Ilio 
* m nto-'Ml nu:h track, 

4. Tbo West brld)^ over the same slream.a few rnifs below the last 
■BMilioncd, haa thrm truascs containing ijuneln uf 1<H ft. t»cb in 
l«nflh. It U a hiRh truss hiidge with nxif and siding. 

For wmght of supcnirticiuiv on endmoat bolls of middle truH. laj 

KJXn 11«. ud for load on one track, M.OOO, making Ud.OOOlbs. on 

4 bolt* of U" ronlaining a not aoctinn ol 3.41 squartt inchoa, diving ■ 

~ ' 1 of M,7lM Dm. tn iho Inch for one track, and UOJS'AP Iba. for both 

__ luailnl Hllh ^.000 Ilw. to the lineal foot. 

3. The brldfcw aeroa* tho Erie canal noar Canaxlota. on the N T, C. 

. R,. !• a d'liitilf tack liridge with 3 trusM«. wlilrh liave 9 |ian'>l» of 

) Wt. ir th" »u[H>retTUctun> be Mlliii(ili<d to wxigh 40 Ions. i( glvM 

llUlf ovi'i :U.(N)0 the. on the «Dd bolts of each Iruas Add t at 60 

l4NHA>r?.0>)01b>. ]it'r linunl foot upon one track, and it gives 141,(t6S Iba. 

I 4 l»li» "f li"ilionieter, and 3.41 squan- inches of net eruga seetlon ; 

, jaal t(>3(i,ird lbs. to tbu ituOi. withounITsck, and 36.044 Ibii. with both 

(Mcks l<«dnl." 

i-a»>« are stated rrom pnrwinal examination by the author. 

jil ihr liiHt. wlilcli was rrpartnl to him from authority amsldnri'd 

The esM wero not nr^vterf , hut lakonaa Ihn moiit aeoossibln. 

i«-mt fiif thitauthoT'a observation. And still. Ii« can nut 

l|i fr|ptnUn)[ tlii-iu a« rimarh^*, utd suroewhat excfplianal («»>.« 
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given weighty and the deflection depending on the stiff- 
ness of the piece throughout its whole length, the 
power is manifeetly only diminished as the amount of 
defect, multiplied by the ratio of length of the defective 
part, to the whole length ; that is, if the piece be de- 
fective so as to lose one-fourth of its stiffness, for that 
part of its length to which is due one-tenth part of the 
deflection, the deflection will only be increased by 
|Xj^ =s j\j and the power of resistance is diminished 
in the same ratio ; whereas the power of positive re- 
sistance would be diminished by ^, 

The ettect of negative strain, moreover, is believed 
not to be so deleterious to the strength of iron, as that 
of positive, or tension strain ; though I can refer to no 
particular facts or evidences in coroboration of the 
opinion. 

Upon the whole, I am inclined to estimate the power 
of cast iron to resist compression (as against the tension 
of wrought iron at 15,000B>s. to the inch), in pieces of 
lengths equal to 18 diameters, for hollow cylinders, at 
15,000Bbs. for solid cylinders, at 8,000, and solid square 
pieces, at lO'OOOBbs. to the square inch of cross-section 

There are other forms of section for cast iron mem- 
bers of bridges, which it will frequently be convenient 
and economical to employ where lateral stiffness, as 
well as longitudinal resistance is required, among which 
may be named, the cruciform +,the T> and the H form. 

The former of these, with equal leaves, probably 
possesses about the same resistance to the square inch, 
as a solid square which will just contain the figure. 
For, though it is not so stiff to resist a simple lateral 
force diagonally of the including square, as parallel with 
its sides, and would be broken by tearing asunder the 
flange, or leaf upon the convex side, still when under 
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loDgitDdiiinl compreaeioii, the tension iipou that leaf 
would be Bomewliat relieved. 

The T and H section will usually bo employed where 
greater stitfuess is required in particular direcltona, and 
ifproporlionedwithjiidgmcnt, will usuftllypOBscBM about 
the same power to tbeiucfa,aa the iuctudingauliditquare, 
or parallelopiped. ft 

XCUL Having determined (approximatoly, nt least), 
the safe strain for pieceit of a certain lengtli, and ibo 
ratio of variation in power, depending upon tljiingo of 
length, wc readily deduce the safe stniin fur piecva 
of Bimilar actiou, with any given dimenmons. 

The following table, exhibiting the negative power 
of resistance to the square inch of crosa-atietion, for 
bollow and solid cast iron cylinders, and solid square 
pieces (under which class may be included the + T and 
H formed seclions, under proper conditions], calculiitod 
for length of from 2 to 60 diameters, is intended to 
•bow the safe practical rate of strain for the matcriul, 
being about one-third of its absolute strength, in col- 
arons headed J, and one-fourthof the absolute, in those 
beaded J ; the former to be used against wronght iron 
at 15,000, and the latter, where wrought iron is esti- 
mated to sustain lO.OOOtbs. to the square inch. 

This is the author's original table, slightly modified^ 
withthe addition oftwoooliimne sbowingcorresponding 
weights at § and J of the absolute strength, as calculated 
by "Gordon's formula," deduced from Ilodgkin son's, 
experiments upon cast iron bollow pillars; which is 
regarded a^ the best authority upon the snbjcct at the 
present day. Also, two corresponding columns for 
wrought iron hollow pillars, according to the same au- 
thority. 
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The Gordon formulee are : 



for cast iron, S - 80,000ft). -*- (1 + .0025^), 



for wrought iron, 8 — 86,000ft)8. -^ (1 + .00088^). 

8 representing absolute strength per square inch 
of section, 2, the length, and (/, the diameter of column, 
both referring to the same unit gf length. Or making 

rf «= 1, we have :=■-?. 

The table of negative resistances, presents a scale of 
numbers so adjusted as to touch at certain points esta- 
blished by experiment, and running in consistent gra- 
dations from one to another of such points. 

The columns for cast iron hollow cylinders, are the 
only ones referring to the same class of pieces, and ex. 
hibiting the difference in results, arising from differ- 
ence in the mode of calculation. The Qordon formula 
is supposed to give results agreeing with those of ex- 
periment, for lengths included within the range em 
braced by the experiments from which the formula 
was deduced. Within that range, those results may 
be presumed to be more reliable (being founded on 
trials of the same kind of pieces as those to which they 
refer), than those in the author's original table, based 
upon trials of solid cylinders and parallelopipeds. 

Taking the 4th and 6th columns, it will be seen that 
the numbers agree at some point between the lengths 
of 18 and 20 diameters ; the numbers above that point, 
being the larger in column 6, while, below that point, 
they are larger in column 4, down to about 50 diame- 
ters, where they come together and cross again, and 
those in 6, are thenceforward the larger. But the 
differences are small, for the range of lengths princi- 
pally employed in bridge work. 
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One obvious reason of the more rapid increase of 
numbers^iii the 6th column, for lengths under 15 or 
16 diameters, is, that in the latter, the crushing weight 
for the iron is assumed at 100,000fi)s. to the square 
inch, whereas, by the Gordon formula it is limited at 
80,000fi>s, and that formula can give no result greater 
than that limit, even when Z^O. Now, if 80,000fi>s. 
was less than the actuaf crushing load for the kind of 
iron used in Uodgkinson's experiments (from which 
the Gordon formula is understood to have been de- 
rived), it must follow that Gordon's formula gives 
results smaller than the true ones, for short pieces. 
This is probably the case, and, although Mr. Gordon's 
formula is very simple and ingenious, sliding smoothly 
and plausibly from one extreme in length to the other, 
it unquestionably gives closer approximations to 
correct results for the ordinary range of lengths, than 
when applied to the very short pieces. 

The numbers in the table are deduced upon the sup- 
position that the thrust members in a bridge, will not 
act with less advantage than when bearing upon a pivot 
at each end of the axis of the pieces respectively ; and 
it is not deemed proper t^assume that, in consequence 
of having flat end beari^s, the piece in any case ean 
sustain a greater stress than is indicated by the num- 
bers in the table. 

It will be observed that, in order to obtain the ab- 
solute strength of a piece, we should multiply its cor- 
responding number in the table, by the denominator 
of the fraction (^ or ^) at the head of the column. 
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Lateral, or Transverse Strength. 
XCrV. Tlie trnnsverae strength of bara or bearaa, 
ftwoald Becm to be deducible from thepoailive strength 
oftliu umtcriul, ill tbe following manner: 

Let ab, Fig. 26, rcpreaeut a portion of a rectangular 
|l>wm or bar, projettiog from a wnll in wliich it is 
lirnily fixed. If a weight he 
applied at ip, the npper part 
oflliebeam will he extended, 
and llie lower, compressed; 
and, where thene portions 
meet, ia what ia called the 
neutral jtlitne. Expiiriinent 
shows thut this plane, in 
[Blar heama, ia central between the upper nod 
•^Burfaces; or at least, very nearly so, for all 
■tic substarifcs, antil they approach rupture. 
Tbe tendency of the weight at in, then, is to produce 
station about the point c (or, tho line of intersection 
f Bentral [ihinu and face of wall) and the cohesion of 
lie upper portion cd, and tho repulsion of the lower 
; eb, tend to resist rotation. Now, to determine 
iie amount of this resistance, which is tho measure of 
I strength, we will first consider the upper 
■ ; and it is obvious that, at every part of tbe 
ition, the resistance to rotation is as the 
B to extension, niultipled by the distance of 
he part uboro the neutral plane. But tho resistance 
1 extension, by the law of elasticity, ia as the degree, 
br amount of extension, which is determined by the 
ifitODce from tho neutral plane ; parts at 2 inches from 
iiM plane, or tbe centre of motion, being extended 
21 
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twice as much as those at one inch, and resisting twice 
as much. 

Then, denoting the distance from this plane by the 
variable quantity z, the resistance to extension by any 
party equals x multiplied by a certain constant (s), aud 
may be denoted by sx^ while the resistance to rotation 
about p, equals bt?. 

Again, representing the horizontal breadth or thick- 
ness of the beam by /, we have iAx to represent the 
differential of the section (in its state of increase from 
c toward d)^ and s./.x^dx, the differential of resistance. 
Then, integrating, aud making x ^cd = h^ we have the 
whole resistance to rotation, of the part above the neu- 
tral plane, equal to ^ s.Lh? ^ ^Lhxhxs.h. But 8»h 
becomes equal to the positive strength of the material 
when a:=cd = A, and t.h = the area of section above 
the neutral plane. Therefore the power of this part to 
resist rotation, is equal to ^ of the area, multiplied by 
hiilf the depth of the beam, and by the positive strength 
of the material; in case the negative strength exceed 
the positive. 

Now, it is obvious that the part below the neutral 
plane exerts exactly the same amount of resistance to 
rotation, as the part above. Therefore the whole power 
of resistance to rotation about c, in other words, the 
resistance to rupture, is equal to J of the whole cross- 
section, multiplied by i the depth of beam, and by the 
positive, or cohesive strength of the material ; that is 
equal to J C.LDx^D^ = | C,LJD^; in which expressioi^, 
D represents the depth (f/6), and C, the cohesive power 
of the material.* 

* Another m(Kle of iHuHtratin^ this case, is the followio^ : It being ob> 
vious that the resistance to rotation alM)ut c, by each lamiua from the ncn- 
tral ])1ane outward, is as the extension it undergoes, and the levenipe 
u\h)ti which it acts, such resistance must increase oatward in a duplicmto 
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Ifwe wUh to dutermiue the greatest weiglit (\V), 
'bich tbe bcum is capable of beuridg wheu aiipl'iuil ut 
Df Itorizontal diataiice (L) from c or d, we itistiliite 
le eqa»tioii, AV.L ■■ l C.t.I? ; whence we have : 

This foriDitIa applies to al! projecting rectangalar 
Mms, when ihc force (W), acta parallel with the 
des, mid L represents the nearest, or perpendicular 
istance of the falcmtn c, from tbe line in which the 
ircv has its action : provided, that if the material 
ave greater power to resist tension than compression, 
'ia to be taken as representing the repulsive, instead 
tthe cohesive power, 

XCV, This formula is deduced on the supposition 
tut the materiiil U perfectly elastic, bo as to sutfer no 
ermanent change of form until the strain produces 
Miial rupture. There are few substnnces if any, and 
iTtHliily wcud anil iron are not such, that fulfill this 
unditiiHi 8o nearly but that considerable discrepan- 
iea are found between^lbe deductions of theory, and 
\t re»ult« of pxperiment. Indeed in the case of c«»t 
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la ihe Incnasu of lUnance from that pUnp. Knd (li<cn«Be in m like 
lOh loward. Ileuce. 11 ire n-inemiit lUc resJiilaiiCF of iho uuUT lainia 
Uip b*w! of a pynmkl havinjc ItR Rpvi at Itiv ncuiral plane, and ita 
M eulDciiliiut "itli ■■'iil outer Ununa, llie mUlonw of my other 
nhn wUI be roorMk-nted by the iwrtion of iliu pr^i-amid made by 
A bunlna, nr a lamink at the pr;aiuld at thn point of Intrmvtinn, 
tha mntR (lurlcflDitdy uiiall) ihickncn as tlio lamina of the iwau 

aiMatlroi : anil \\if *um of rp«fKan<?<« of all Iho Umlnie of thi< lii<nni, 
tw if-tiTMcnlnl lijr thi- Kiim of lamltuv of tlic pyrunid ; and will 
■r Um (mdo ratio tii what ll>n A<«li>taTiri< of all iIiihn! lamiiue of tha 
woald bn. If all wifi> arllnK >t fhi< dintance of Ihn untcnniin 
t, M ibi» aiiUiilly uf th« t>yimin1d bears t« a priam of lllii' baw 
BItitttlI<^ ; that In. in tin- ratio of 1 Ui 3. But tin mlalann- of the 
H)iia)ii the abwiliilr EtrciUKlU of ni»liTiftl (C|, milllipliMi by 
1/ Um driitfa t<r bvam. Ili-nco, Ihert-alRtanccof ih» half Imni ii|iirI8 
,:} iioaa wrtiop X drpih of ilir half beam -, being tbo aaine malt 
L^taX* okuloed bj ii)t«gmioi). 
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T^r.men: sho^i? the traDsverse strength to be 
TzV.v rsric^ as grei: as it is made to appear by the abore 
f.naula. 
IfintLeexjrrSisloiiS:^^ we make L««D, it maybe 

rr^i-oed :o J CI:./): showing that the power ofapro- 
je.-iiLg r«c:acgular beam to sustain weight at a dis- 
larice from :he lalcmm eqaalto the depth of the beam, 
i« on> octf-sixth as great as the positive (or negative, 
in L-ase that be the smaller), strength of the material. 
This is a convenient way of expressing transverse 
srreiigth. viz : as eqaal to a force of so many poaods 
to the sqaare inch of CEOss-seetion, the force being un- 
derstood as acting upon a leverage equal to the breadth 
of the beam in the direction of the acting force. 

If we call lS,OOOB>s. to the square inch, the positive 
strength of cast iron, we may call the transverse 
strength ^according to the above deduction), ) 18,000 
=3.000B>s. ; meaning that a bar one inch square will 
sustain upon its projecting end, 3,0009>s. at 1 inch 
from the fulcrum, and proportionally less, as the dis- 
tance is greater. • 

Xow, experiment shows that it will sustain twice tliis 
amount^ and frequently more, so that we may in reality, 
reckon the transverse strength of cast iron at abont 
6,000ft)3. to tlie square inch. 

I know of nothing to which to attribute this great 
discrepancy between theory and experiment, except a 
want of complete elasticity Jn the material, and pe^ 
haps, also to the assumption of too low an estimate 
(18,000) Bbs. for the co-hesive power of cast iron. 

Cast iron, when exposed to a transverse strain, sof. 
fers extension on one side, and compression on the 
other ; and the power of resistance to both these effects, 
increases very nearly as the amount of extension or 
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mpreesion, until a certain poiut or maximum is 
ichei], And atler passing tbis point, the power dim- 
^shea. Now, it is reasonable to suppose, in fuct we 
I hardly aiippose the contrary, that lor a certain in- 
Tal on each side of the maximum point, the power 
resistance remains nearly stationary. But this stii- 
nary interv'iil is reached on the positive, much sooner 
Kn ou the nogiitive side, -and the inevitable conse- 
[CQce mnst be, that the neutral plane is traneierred 
rther from the posifive side, so as to preserve tlie 
uilibrium between the resistance to extension and 
t roiielance to compression. Hence, the amount of 
ustAiicc on the positive side is increased, both by the 
Br«asod area of section txposed to tension, auil in- 

d leverage, or distance from the neutral plane. 
Moreover, a greater portion of the fibres (bo to speak], 
^tension, act with their fuU power; since, while 
D outside portion is pussing through what we have 
Ued the stationary interval, successive portions toward 
B neutral plane, are reaching and approaching that 
terval. Hence, some considerable pittpurtion of all 
i fibres of extension, may act with their maximum 
iver; whereas, if the material were perfectly elaslic 
I to the point of actual rupture, only the outside fibres 
rthml from the neutral piano, could act with abso- 
I {Kiwor, and alt other parts, only in the ratio of 
lir reepoctive distances from said plane. To illus- 
, BUpposo the extreme positive side, when es- 
tded one inch, reach the statioimry interval, which 
(Hie inch more. It follows that when tlie outside 
■ passed to the other limit of that interval, one-half 
she positive portion of the bar, will be within the 
t range of that interval, and act with its maximum 
Vrer, producing one third more resistance to exten- 
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sioD than the same fibres coald afford if th6 body were 
perfect! V elastic, up to the point of ruptare. I know 
of no more plausible manner of explaining the obeenred 
discrepancy between experiment and calcnlation iipoD 
the subject. 

But, having well authenticated direct experimental 
evidence as to the transverse strength of cast iron, we 
may safely be guided thereby ; and, though it would 
be a satisfaction to find a complete agreement between 
the results of direct experiments, and the dednctioni 
from those that are indirect, still, where such agree- 
ment is not found, the direct evidence should have the 
preference. We may, therefore, regard the transverse 
strength of cast iron in pieces with rectangular eeo- 
tions, as equal to 6,000fi>s. to the square inch, upon A 
leverage equal to the width of the piece in the direction 
of the force. ' 

Wrought iron has something over three times the 
])0$itive strength of cast iron, on the average; and if 
we consider its transverse strength to be in the same 
ratio to that of cast iron, its transverse strength would 
be about'20,000 pounds. That is, the projecting end 
of a bar of wrought iron one inch square, should sne- 
tain,at one inch from the fulcrum, a weight of 20,0001bs 
But it becomes permanently bent with about one-third 
of that weight, and therefore, in practice it should not 
be exposed to more than 4,000 to 5,0009>s. as we should 
manifestly keep within the elastic limit, as well in case 
of a transverse, as a direct tensile strain. It may, 
therefore, be recommended to estimate the transverse 
strength of wrought iron at 5,000fi>s. as against a ten- 
sile strain of 15,000fi>8. to the inch, upon the same ma- 
terial, and 3,500 to 4,000 transverse, against 10^000^ 
tensile strain. 
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Gniit iroH having an average aWolate transverse 
Btrenglli uf 6,0000)3. should uot io pructiue, be exposed 
Mo ov«r from 1,000 to 1,500U>b. Iq the square iuch, ac- 
'cording to the circumstances in which it ie ased. 

XCVX Bepresenting hy A the area by D the depth , 
JUici hy h the length (from fulcrum to weight) of n pro- 
ijectiiig rectangular beam, the sale load, according to 
tbe abore assumptions, equals 6,000 — for wrought, 
ftod 1,500 —for cast iron. 

If tlie beam be 8U|iported ut the ends and loaded in 
the middle, nsing the same symbols, the sale load ia 
(bar tiraea as much ; that ia, 20,000 — for wrought, 
-ana 6,000 ^ for cast iron. This follows from the fact 
tbit tJie lifting force at each end, equals only one-haiT 
of the load, and acta upon a leverage equal to }L, hence 
it takea 4 tiroes the weight to produce the same stress 
Oti the beam. 

If the load be equally distributed over the length of 
tlie beam, the safe loatl is twice as moch as wbi.'n it ia 
oonceiitrated at the end of the projectingbenm, and in 
the middle of the beam supported at the ends. For, 
1^1 the former case, each part of the weight produces 
itiress at the fulcrum in proportion to its distance there> 
from, and the average distance of the whole load, 
treiDg only butf as great, the stress is only batf aa much 
Ks when tJie whole load is at the end. 

In the latter case, the beam being regarded as fixed 
Sn the centre, the lifting force at the end, tends to pro- 
dace a stmin in the centre, measured by the force mul- 
fipnod by its distance from the centre, in other words, 
ly Ibe m«mc?i( of the force with respect to the centre. 
Oa tbo contrary, the load tends to produce a strain in 
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the opposite direction, according to the distance of 
each part of the load from the centre. This, as just 
seen in the case o^ the projecting beam, is equal to 
half of that produced by the lifting force at the end. 
Ilence the eifect of the weight ueatralizes one-half 
of tendency of the lifting force at the end/ to produce 
stress in the centre of the beam. 

Upon the same principle is based the following mle 
for determining the stress at any given point in the length 
of a beam, however the load may be distribated. 
Take the moment with respect to the given point, of 
all the forces on either side of said point, tending to 
deflect the beam in one direction, at the given point, 
and all the forces on the same side, tending to deflect 
i^n the opposite direction, and the diflTerence in the 
sums of those opposite moments, is the measnre of the 
stress at the point in question. 

As an illustration, if the cross-beam of a rail road 
bridge support tracks 5' apart, the beam being 15' be- 
tween supports, and a weight W bear equally npon 
the two tracks, each end support lifts ^W, and the 
moment with respect to the nearest track, is JWx5 — 
2.5W. There being no force acting in the opposite 
direction between the end and the weight upon the 
rail, 2.5W (upon a leverage of 1 foot), is the measure 
of stress of the beam at the rail. 

If we seek the stress in the middle of the beam 7^' 
from the end, and 2J' from the rail, the upward force 
at the end is ^W, the same as before, and the moment 
J\Vx7J = 3.75W; while the moment of the weight 
on the rail, is jWx2J, = 1.25W. Hence, the stress 
in the centre = (3.75— 1.25)W — 2.5W, the same as at 
the rail. 
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Tulciiig the momeut of the end lift with respect to 
« off mil, webave jWxlO, ="6\V, while the momeut 
f weight oli^bo near truck, witli ri^siicct to the off 
i«JW'xo, »2^W, acting in the op^iosite direc- 
Do. Hence, slreaaattbeoff track, iBeqaulto(5 — 2.6)W 

Again, asaumtug a point at '2' from the end, the mo- 
lont of the lift at the farther end, ia J W x 13' =6.5W. 
'he sum of nioinonta of weights upi>n the two mils la, 
Wx8+ lWx3 — 6.5\V in oppoaition to the effects 
if the end lift The Btreaa of the henm, therefore, at 
le gi?en point, is (6.5 — 5.5)W, ™ W ; being the same 
tuh us if we hiid taken the iiioniunt at the near end, 
I J\V X 2, — W, with no opposite force on the anme 
itle of tbo given point. 

Hence, we see that the atret^s is the same at all points 
atnreen the rails, while it obviously iliminishea from 
le rail to the end, in proportion as the distance of 
iccoasive points from the end diminishes. Tberofore, 
le b«am haWag a uniform depth, in order that the 
io bo uniform on all parts, the thickness should 
If uniformly from the rail, to an edge at the aup- 
>rtiDg pointa. If the thickness be uniform (the crosa- 
fition being rectangular), the depth may diminish as 
le iK|uare root of distance from the support diminishes; 
lit u, may have a parabolic form. This follows from 
le fiict that the stress at different points in the length 
u the dintniice from the support, and tbo power of 
•Utaoce,as the area multiplied by the depth, In other 
onla, as the square of the depth, the area being simply 
I the depth. 

XuVlI. Iron beams of a rectangular section will 
tldom be asod in bridge work, the material acting 
22 
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more effectually in a web and flange form, &b in the I 
beam, with about half the material in the flanges. lu 
thi8 kind of beam, the web may be estimated as a rect- 
angular beam — say at5,000fi>3 to the inch- (on a lever- 
age equal to the depth of the beam), while the flangeS 
may be estimated at 15,000fi>3 upon a leverage of half 
the depth of beam, less half the thickness of flange, 
thus: for a beam 12'^ deep, web i^' thick, flanges 2^' 
wide and f in average thickness on each side of the 
web, we have 6 square inches of web section at 6,000 «■ 
80,000fi>s. plus, 6 inches of flange section at 15,000 X 
leverage of 5,625", equal to 42,187S)s. on a leverage of 
the depth of beam, making a total of 72,187fi>. a*6,0159>s« 
to the inch upon the whole section. 

Hence, it is deemed iat'e to estimate the working 
strength per square inch of wrought iron I beams, in 
the above proportions of web and flanges, at 6,000 

— fcs. for projecting ends, and 24,000 -for beams sup- 
ported at the ends, and loaded in the middle; and 
double those amounts of distributed load. For instance ; 
a 12^^ I beam of 12 square inches in section, and 16' 
long, between bearings, is good for 24,000 x }| =■ 
18,0008)8. in the middle, 86,000 distributed uniformly, 
and 26,1800)9. upon two rails 5 feet apart, or 5.5 feet 
from end supports. 

XCVm. One of the cases in which wrought iron 
is frequently exposed to transverse strain, is in the use 
of cylindrical pins for connecting the other parts of 
bridge work. In such cases, the forces will act with a 
certain leverage which can be nearly determined. The 
power of a round pin to sustain a transverse force act- 
ing on a leverage equal to the diameter, may be as- 
sumed at about j\ less to the square inch, than that of 
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& eqaare bar upon a leverage equal to ite widtli of side. 
Iltuce, A lepreaeiUiDg the area of aectioD, d, the diame- 
ter, and L, the lengtl), the suft) stress ^ 4,500 ' - acting 
on ft projecting end, and 18,000^ acting lu the middle 
between two oulsidQ bearings ; that is, a 1" pin with 
centres of outside heftriiigs 6" apart, will bonr in thff 
middle, 18,000 X '^ — aiSooIbs. If the pin connect an 
eye 1" thick, between one of J" thick ou each side, the 
iength (l) between ceuti'ea of outside pieces, wilt be 
IJ"; wbcneo, a 1" pin wilt bear 4 times as much ftain 
tbe preceding case; or 2,355 x 4 = 9,420ttis. The 
tonsile strength of a 1" round rod, being ll,775ftjs. 
btjng equal to the cross-section (0.785), X IS.OOOIbs. it 
ihonra that the strength of the rod is greater than that 
of the pin, in the condition here assnincd, in the pro- 
portion of 11,775 to 9,420. Therefore, the stittnesB of 
■tho pin being as the cube of the diameter, in order to 
find the diameter (i;), of a pin for connecting I" bars 
by eyea and counet;ting straps, we have this proportion 
9A2Q : 11,775 : : 1* :i*, whence x = 1.077 = to about 
larger (han the diameter of the rod- to be connected, 
Bad in tliis proportion for any size of round rods con- 
nOL-tcd by straps and pins or bolts. 

Bat if tho eyea and straps be drilled, so as to fit the 
pin llirough the whole thickness, the action approaches 
tbesliear strain, and the pin should have about { the 
^irea of lection of the ban to be connected. The author 
Irould recommend, however, for general practice, that 
'Ontiecting pins bo considered as acting by transverse 
tiffuess, upon the lever principle, as above discussed. 
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AUCH TRUSS BRIDGES. 

XCIX. The gonepal form in ontline of the Arch 
Truss, may be seen in Figs. 8 and 11. 

The furma of the diSbrcDt members, and the modes 
of connecling them to form the complete structure, are 
roanj, and a minute description of each possible variety, 
in this respect, even if such a thing can be regarded na 
practicable, will not be undertaken on tliis occasion. 

Tlie arch may be of cast or wrought iron in various 
ibrms of section. The following form of cawt iron arch 
lias boen extensively used in the state of Xcw York, 
with uniform sucoess and satisfaction. The arch is 
composed of cast iron sections, equal in number to 
the number of panels in the truss; an odd number 
being deemed preferable. In Fig. 27, " on m presents 
I top view of the arch, and D, a top view of the chord, 
from end to centre; and A and B, enlarged crosa-eec. 
tioos at f and q, adjacent to the cross-bars to be de- 
Bcribed below, and which also appear in the figure. 
Each piece consists of two side portions of nn ~1 formed 
Mctton, connected at the ends, and at *2 or 3 intermedi- 
ate points, by cross-bars of a J formed section for the 
intermediates, and at the ends, with sections as seen at 
C where a view of the arch connection is shown, as it 
iroald appear if cut vertically and longitudinally 
through the centre, and the near half.removcd. 

The width of the side plates of arch castings (from 
the top), should be about ,'^ of the length of pieces, 
^tb an average thickness of from ,<j to \ of the width. 
The top plate, about the same thii-kne8s(or a trifle less, 
I to prevent a tendency in the fiiecc to become hollow 
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backed in cooling), and a width, k little over one-balf 
that of the side plate. 

The reaisting power may be estimated as in the table 
of negative resistances nnder the head of sqnare, &c., 
pieces, calling the width of side plates the diameter, 
and using the column under ^, for trusses supporting 
12 feet or more width of flooring, and the column 
headed ^, in case of trusses supporting a width of 10. 
feet or less, to each truss. 

The intermediate cross bars should have about the 
same thickness of plate as the side portions, a depth, 
about { that of side plates, and top plate not less than 
i as wide as the top plate of side portions. 

End cross-bars should have a top width of about } 
the width of side plates, and qross-seotion sufficient to ' 
sustain a whole ^ross panel load for the truss, by trans- 
verse resistance. If it have $i depth equal to | of its 
leugth, and a form of section as strong as a rectangular 
bar, it will safely sustain 1,000 to l,200S>s. to the inch ; 
and it is recommended to allow one inch of section in 
each end cross-bar to every l,000&)s, sustained at the 
joint. Then, there being two cross bars together, the 
point will be doubly secure. 

Semicircular notches in the ends of contiguous arch 
pieces, form a vertical circular hole at the joint, for the 
passage of the vertical member. 

When the side plates are thin, the thickness should 

be increased for a few inches from the end, to afford a 

p ^^ ^ suitable bearing surface at the joint ; 

r iair v ' aud thc cuds of arch pieces should 

J i 11 i W be fitted (usually by planing), to a 

Li y proper bevel to form a fair joint. 

The joints, however, are sometimes 
formed by cutting tape? key seats (as seen in Fig. 28;, 
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one of the coatigiious ends, to admit wrouglit iron 
edges about ail inch wide, and tii siitficieut number 
lo give a bearing upon wetigea, equal to ut Ituat one- 
i]f Uicecclion of iron in the chord. This roetbodbaa 
i«r«r«d well in a brge number of bridges, and ia 
iTCuieot for Bi^justing the arch in line; but the 

ilnned onda form mnob the more workmiiidike joint. 
The centre arch piece bas usually a full top plate 

rver the whole width of the piece. 
Th« endmost section, or foot piece of the nrob, con- 



lects with tbe chord hy i 



Fio. 29. 




of borizontnl holee in 
the tVet to receive the ends 
ofauo^ifncnd ink of the 
chord, wliich is secured by 
screws and nuta us shown 
in Fig. 29, representing an 
ineido \-iew of the foot of 
one branch of tbe arcb. 



C. The chord is composedof two long links of round 
sqaare iron to each panel, connected by cast iruQ 
connecting blocks at 
[lointH veriicnily under 
the arch joints. The 
form of these blncks is 
represented in Fig. 80. 
Tbey diminii^h in length 
from the ondnioat to the 
ccntremoat, the former 
being long enough to re- 
live tbe linkfl running parallel from tbe connection 
■ith the arch, and the next block, being shorter by 
ico the diameter of the link iron ; the ends of links 
•w»rd the centre of the truss, going next the end . of 
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connettfing blocks, and outside of the ends pmnting 
toward abatments ; and, the members of each pair of 
links being parallel with one another. [D, Fig. 27.] 

The connecting block has an oblong section where 
it receives the links, being rounded on the aides to fit 
the aemicirCDlar ends of linki. 
There should be an accurate 
fit between these parts, to 
efiect which, perhaps, tbe best 
plan is to ream the ends of 
links, and turn the bearingsof 
blocks to a uniform size. For 
this purpose, the block is cast with extra metal to be 
turned otF at the hearings, and with the portion be- 
tween bearings a little thinner vertically, than the 
turned portions, as shown in Fig, 30A, in which a is 
a section and bh are the hearing surfaces. 

The vertical thickness of the block where it receives 
the links, should he at least IJ times the diameter of 
the link iron, and the cross-section multiplied b; the 
width of block, and divided by diameter of link iron, 
should give a quotient about 13 times as great as the 
croes-section of both sides of the link. 

The middle portion of the block is cast with the 
proper size and form for the upright and diagonal 
members to pass through in the required directions, 
and ia provided with suitable &cets for the bearingsof 
nuts. The least croaa-aectioD throngh all or any of the 
holes, should be at least one-quarter greater Uiau the 
section at the link bearings. In Fig. SO, a, b and e re- 
spectively represent a side, end and top view of the 
caet iron connecting block. 

The obloug section of the connecting block was 
adr^ted to obtain greater transverse strength in the 
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iroctiou of ihc strain. But it has recently occurred 
» the iiQtbor, tlmt porlutps, after all, a circular section 
f block would have tlie advantage, masmucli as it 
foald not requiro so short a bend at the ends of 
nke; whence they coold the better adapt thorns Ives 
a the block, and would not re<}uire so great a disturb- 
Qco in the condition of tibrea or particles of the iron 
1 forming the bends. With a diameter of block equal 
> 8 times tbiit of the link iron (in case of round iron), 
t Is believed that good iron wotdd sutfur the bend 
rltbont m»teriid (U-torioration, or greater liability to 
c the ends, than in other parte of the link, espe- 
ially if wehK-d in the straight part. 
The enlarged central portion of the connecting block 
ii Qpon \t» upper side, a flat surface rising a little 
bore the links, to at!brd a beam seat for the cross- 
8 of the bridge to rest upon ; which, in case of 
rooden beams, should present u bearing surfauu of 80 
D 40 square inclius. 

CL The upright is made of round wrought iron, If 
9 8 iacbes in diameter, for bridges from 60 to 100 feet 
n length, when designed for common road purposes. 
%* upper end is fnniished with a screw nut, and a 
Ing or collar welded on at a sufficient distance below 
b« nut to allow the arch castings, and eyes of dia- 
gonals to come between nnt and collar. 

The lower end ia tnrned or swaged down to a dia- 

neter J " or J " less than the body of the rod, for a 

;h sufficient to reach through the connecting block, 

id receive a nnt on the end. This is to form a 

loolder at the upper side of the block, to act in case 

'• thmst action of the upright. 
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The two longest aprights have usually been made 
double and divergent from the collar downward, the 
branches being of iron from i " to | " smaller in dia- 
meter than the single uprights, and passing through 
the connecting block near the links, either inside or 
outside, as deemed most appropriate, with a thin nut 
above, and a common nut below the block ; also a cast 
iron washer above the upper nuts, for the beam to rest 
on, instead of resting upon the central part of the 
block. The object is to give lateral steadiness to the 
arch, and diminish its vibration. 

A better eftect in the same direction is produced by 
connecting the upper ends of those uprights across 
from truss to truss, in case of long bridges. For this 
purpose, the upright may extend a little above the 
arch, when necessary to give head-way (or, perhaps 
better still, the arch itself might rise higher above the 
chord, thus diminishing the action upon both arch and 
chord), and a light cast or wrought iron strut intn)- 
duced, to counteract the tendency to vibration of the 
arches, arising from the spring of the beams. As the 
the two trusses naturally tend to vibrate in opposition 
to each other, it is suggested whether simple ties of 
I '* iron, would not so break the regularities of the 
vibrations as to prevent their increase to an objection- 
able extent. The rigid strut, however, would be more 
eftective, being capable of acting in both directions ; 
and, if thrown into the form of a graceful arch, it 
would be ornamental withal. 

OIL The diagonals are round rods, with an eye at 
the upper, and a screw and nut at the lower end of 
each ; the screw portion being about \" larger in dia- 
meter than the plain part of the rod. Two eyes of 
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diagonals go upon each upright (except the endmost) ; 
that of the rod running downward toward the centre 
going above the other, the better to prevent interfer- 
ence with the crosd-bars of arch pieces, as will be un- 
derstood by reference to 0, Fig. 27. 

The eyes lie in horizontal positions, the rod in each 
case being bent to the required pitch to meet the con- 
necting block. The bend should be as near as may be 
to the eye, without preventing a fair bearing of the eye 
upon the oollar, or the subjacent eye. Care should be 
taken to have fullness and strength in the neck of the 
eye, that it may withstand the indirect strain at that 
point 

The proper sizes for diagonals and chords should be 
such, in common road and street bridges, as to afford 
at least one square inch of cross-section for each 
15,000fi». of stress produced by the greatest load to 
which such bridges are liable, which in the author's 
opinion, should be estimated at about lOOSbs. to each 
square foot of bridge flooring, exclusive of weight of 
structure ; a rule which he originally adopted, and has 
adhered to in practice with most satisfactory results. 
Many bridges have been constructed with lighter pro- 
portions than this rule would require, some of which 
have endured, while others have failed. 

It is true that ordinary road bridges are seldom ex- 
posed to 100B>3. to the foot of floor surface, but it is 
nevertheless, deemed expedient to provide for such 
a contingency. 

The modes of estimating stresses of different parts 
of the truss, have been fully discussed in preceding 
pages, [xxvii &c.], and it seems unnecessary in this 
place, to specify more particularly the dimensions of 
the several members of the truss. 
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cm. Another devise for the coDnections of diagomils 
at the arch, is to replace the bent eye of the diagonal 

by a straight end with screw 
and nnty and to have obliqae 
holes cast in the ends of arch 
pieces for diagonals to pass 
through, on each side of the 
upright [See Fig. SOB} 
The diagonals may be single, 
or in pairs. The latter plan 
is preferable, as giving a 
better balanced action; ea- 
pecially in case of rail road bridges, which are subject 
to greater action upon diagonals. This plan obviates 
a degree of lateral strain upon uprights, resulting from 
the eye connection. In this case, the upright should 
have a shoulder bearing on the under side of arch 
castings, to sustain the thrust action. 




CIV. It will be seen that these trusses, having a 
width of base equal to about one-fourth of the height, 
will support themselves laterally, without any assist- 
ance from one another, or from other parts of the 
structure, wherefore the flooring, including cross 
beams, may be entirely of wood, and may be renewed 
at pleasure, without any disturbance of the iron work; 
a property peculiar to this kind of truss. 

The original design, therefore, was to use wooden 
cross-beams, formed in two pieces, as by slitting an o^ 
dinary beam vertically, bolting the parts together, and 
boring at the ends for the uprights, so that they maybe 
conveniently put in and removed whenever they re- 
quire renewal. Diagonal braces of wood, or what is 
much better, tie rods of iron with an eye at each end, 
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a swivel or tarn buckle adjuBtment near one end, 
pair between each two consecative beams, to which 
ley are bolted near the uprights, are required to pre- 
tit a hiteral swinging or swaying of the bridge; 
lence theae membera are nsuallj called sway braces, 
8way rolls. In the end panels the sway rods are 
:acbcd to the feet of the arch. 

Upon the cross-beams, longitiiilinal joists are plitoed 
support (be floor plank, a thing so simple, and so 
nerally understood as to require no further descrip- 
)ii or illustration in tbia place. More or less casings 
id finishings of wood work outside of the road way, 
e usually added, according to circumstuuces, or the 
ito of the builder. 

CV, The rise of the arch above the chord, will admit 
a considerable degree of variation. A pitch of 24 
36 degrees for the end arch pieces, it will seldom be 
visable to exceed in either directiou. That pitch 
vided by the whole number of joints iu the arch (6, 
Kven panel truse), gives the angle of deflection 
the joints equal, of course, to twice the angle of bevel 

ends of arch pieces. 
Thts> however, does not produce an arch in equili- 
'\Q under a uniform load, which, as we have seen, 
IVII and Lu] requires a parabolic curve, while equal 
iflections produce a curve between the parabola and 
e circular arc ; not departing from the former, bow- 
er, widely enough to be of material moment for or- 
nary ppana. The effect is only the ihrowing of a 
ifle more action upon certain diagonals: for which 
s coDvenionce of uniform bovola, is, perhaps, an ade- 
Ate o&seL 
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Ctlindrical Arches. 

CYI. Arch TruBs bridges have been constraeted 
with cylindrical arch castings, in connection with op- 
rights, dividing and diverging downward from the 
arch to the beams, thus serving to give lateral support 
to the arch, and preserve it in line. 

This form of arch castings was supposed at one time, 
to possess sufficient advantage over that already before 
described, and which is commonly known as the in- 
dependent Archj to warrant its adoption, inasmnch as 
it is the stronger form to withstand compressive strain. 
But it is also more expensive in the manufactare, to 
an extent perhaps sufficient to balance any practicable 
saving in weight of metal. Hence, the Independent 
Arch has aequireil decidedly the greater popularity* to 
which its just title can scarcely be questioned. Farther 
detail, therefore, as to the mode of constructing tbe 
cylindrical arch bridge will not be here recited. 

Iron Beams for Bridges. 

CVn. It is now over thirty years since the writer's 
attention was first directed to the subject of Iron Truss 
Bridges ; a period which may be said to comprise the 
history of the use of iron as the sole or principal mate- 
rial in the main supporting members of those useful 
structures. 

At that time, there was one Iron TVuss Bridge in use 
in the state of New York, and only one, to the writer's 
knowledge, either in this state, or in the world, though 
the fact may be otherwise. 

That bridge, though possessing merit as the result 
of a first effort, did not prove a complete success, bav- 
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in^ f.iilGi], tLud, heiiig rebuilt, failed a second time, 
many yeiira agi") ; so thai, at iho present time, a cortiiiu 

' Iron Truss Bridge built by the author of tliis work iu 
1841 uiiJ i'2, upon the Arch Truss plan, esi^entially aa 
described in the last few preceding pages, is believed to 
bo tlie oldest Iron Truss bridge iu use iu this country, 
if not in the world. 

At that time, it was not thought advisable to attempt 
more than the vonRtracliuu of Iron Trussea, to be unod 
in connoc'tioii with wooden beams, joist, Ao. ; which 

I latter portions could be renewed as required, with 
compnnitivcly little trouble, and at much less coat, 
tbiin the intereitt upon the extra expense of iron beams 
trouM amount to within the lifetime of wooden beams. 
Bat as the public mind seems now to have become 
ooavinced, not only of the safety and expediency of 
the UM of iron for the trusses. But also for the beams 
of bridges, it becomes a question of interest to deter- 
mine the bcitt manner of coustructing and inserting 
■uch beams. 



CVm. Four general plans of iron beams have been 
QMd iuceessfully ; namely, the cast iron web and 
flange beam, the wrought iron skeleton, the composite 
(wro'i^cht and cast iron), and the solid wrougth iron 
rolled web and flange, or I beam. Those may all he 
tua«d with good results, in particular cases, and under 
tao<liGt:3tions adapted to respective circumstances. 
' For general use, however, I regard the solid rolled 
I beam as entitled to a decided preference ; and, with- 
out discussing relative merits in this place, I propose 
■imply, ut this time, to suggest plans for adapting the 
, liut tiamcd beam to the Whipple Arch Truss, thua 
Bukiug the plan about all that can be hoped to he ut- 
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taiued, as a cheap, substantial and durable iron bridge 
for general use, for spans varying from 40 to, — perhaps 
125 feet. 

For bridges 16 to 18 feet wide in the clear, and 
panels ten or eleven feet long, a 9 inch beam, weighing 
80B>s. to the foot, is in good proportion ; and when 
side walks are not required, the beams may be cut 
with square ends, just long enough to go between the 
uprights of opposite trusses, and provided with a fixture 
at each end, formed of a plate of iron about f thick, 
7" wide, and about 2' long, bent in the form of a jews- 
harp bow. The loop, or bow (u, Fig, 81), is to encir- 

• 
Fig. 81. 





t I 




cle the upright, and the straight sides, to receive the 
vertical web of the beam between them, and to be 
fastened thereto, by two bolts and nuts. One of these 
should be 1^'* in diameter, and long enough to receive 
the eye of a lateral diagonal tie, or sway rod (to prevent 
swaying or swinging), under both head and nut, and 
placed about 5J'' from end of beam, and 2J" above 
lower edge of phite. The other bolt may be 1|" or 
IJ", and placed with its centre ly from end of beam, 
and from Upper edge of plate. The thread of the screw 




renWnt means of Ettftchmjj a lijjlit bmcket (b), to bus- 
buii' t'.ice plunk and cop'triv (o), over the chords, such 
■e cotiiTnoiily used id this kind of bndgo. It also 
•nitbliM iron boams to be inaerted in bridges originally 
ballt with wooden beams. 

The ooiineeling block in thia case, should have an 
ilerated ring around the upright, for the eye of the 
Ixtare to bear apun, to keep the beam from bearing 
lltogotbcr upon the inside of the nprigbt, and produo- 
ag uuiK]ual strain. 

CEX. Another euggeation is, to form a stirrup in the 
tprijrbt just ftbare the connecting block for the beam 
D pam throof^b and rest in : its seen at h. Fig. 31. This 
irill admit of projecting beams to support side walks. 

Tbe atirmp may bu formed of iron 1" by 2" or 2J", 
Iccordiog to tlie character of bridge. The iron should 
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be upset, so as to give safficient width and strength at 
the bottom of the stirrup to allow a IJ" atem to be 
screwed in, to pass through and support the connectiog 
block. This stem may extend above the bottom of the 
stirrup, about ^'\ a hole being made in the under side 
of the beam to receive that projection. The thread of 
the projecting part of the screw, which enters the beam, 
should be turned or chipped off. This plan may be 
used in bridges cither with or without side walks. 

Again, the upright may terminate in a flange at the 
top of the beam, and bolts screwed or cast in the top 
of the block, or running through the block with head 
or nut below, one on each side of the beam, and con- 
necting with the flange of the upright, as shown at B, 
Fig. 32. 

In the case of double uprights, the beam being cut 
to go between the inner branches, the fixture plates 
should lap about 20" upon the beam, and extend so as 
to clasp both branches of the upright. 



ex. To introduce the solid wrought beam in bridges 
with sidewalks originally constructed for wooden beams, 
the following plan is suggested. 

Let the beam be cut, say V shorter than the space 
between opposite uprights. Then, take for each end 



Fig. 33. 




a 







of the beam, two plates \" thick and 7J" wide, or, 
wide enough to fill the space between the flanges of 
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the lioam at 1" from tj]e centre, so that one heing 
placed oil each side, they will be kept far enough 
Apsrt to admit the upright botween thorn. Tho platea 
Bhoald be long enough to hip 20" upon the beam, and 
extend to outeidu of side walk. They may be bolted 
with two 1" bol t8 wear tlio end of the lap, and one near 
tho end of thu beam by the upright ; as seen under the 
loUor u in Fig. 83. A 1 \" bolt in the centre of depth, 
Knd 7 or 8 inches from the upright, will serve both to 
aid' in holding the plates in place, and to connect the 
VKuy rod* L These plates should not be cut by bolt 
or rivet holes in the upper part, except at considerable 
dixtanco from the apriglit u. 

Small bolts or rivets, r r, etc., should bo inserted at 
intvrvals of 9 or 10 inchea, near tlie lower edge, with 
thimbles to stay the extension plates apart, 
leaving a space equal to the diameter of the 
upright. In Fig. 33, s-w is a part of the 
extension for supporting side walk j », a 
cast iron saddle weighing about 4)bs. for 
joist bearing*, and c, accoss-sectiou through 
the splice. 

_^ ,_ f To sfibrd a proper bearing upon the con- 
' /"■^^VT ' ' neeting block, it is proposed to use R 
( { ^ )" wrought iron ring (R. Fig. 94), high 
■ 1 ^|j> ly enough to throw the whole weight apoQ 
the extension plates cf, and j" to 1" in 
width, except on the side next the beam proper, where 
it U 10 be clipped or drawn down to J". This, how- 
ever, in "not an eaaentiat poinL In cose of bridges 
already erecrod, the ring will have to be left open as 
■t R', and when used, heated and closed around the 
upright. 
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CXI. The Link Chord, composed of a set of links 
to each panel, connected by pins or connecting blocks 
(the latter affording also points of attachment for ver- 
ticals, diagonals, &c.), both for Arch and Trapezoidal 
tru.sses, was originally adopted by the author, as the 
readiest means of putting the requisite amount of chord 
material in a manageable form, both as it regards mann- 
facturing the parts, and erecting the structure. This 
form renders the whole section available for sustaining 
tension, avoiding any loss in rivet or bolt holes for 
forming connections. 

The experience of more than a quarter of a century, 
during which time many hundreds of bridges with link 
chords have been constructed, and used in almost all 
conceivable conditions, (in many cases, undoubtedly, 
the links having been but imperfectly manufactured 
and fitted to the connecting blocks), with a degree of 
success and satisfaction seldom exceeded, may reasona- 
bly be regarded as fairly establishing the efficiency and 
safety of this mode of construction, when proper care 
is used in the performance of the work. 

Continued and successful usage in a multitude of 
instances, is regarded as a better criterion as to the 
reliability of a plan of construction, than a small num- 
ber of isolated tests, however severe ; and such usage 
the link chord has been subjected to. 

CXll. The theoretical questions to be considered in 
this case, would seem to be, as to the possible deteriora- 
tion of the cohesive strength of the iron, pr6duced in 
forming the bends at the ends of links — the indirect, 
or lateral strain in those parts, resulting from imper- 
fection of the fitting to the connecting block or pin, 
and, the imperfection of the weldings, both as it re- 



Arch Truss Bridges. 189 

ganh complete coheBioii, nnd the tendency tocryatulli- 
ZAtion under the welding heat, not being folly deatroyed 
by 9ubi<equGnt hamraering and working. 

The whole process oftbe manufacture and refinement 
of iron, 19 based npon the principle that disconnected 
pieces of iron brought in contact under intense heat, 
bat without complete fusion, and subjected to violent 
compression, as by hammering or rolling, will unite, 
and become n single piece or mass. 

Every bar of refined iron found in the iron market, 
ia composed of half a dozen or more parts, which were 
once separate and disconnected. Those hiivingbeen 
** fiigoted," or placed in juxtaposition, and submitted 
to a welding heat, and passed repeatedly between 
pooderona rollers, or subjected to the blows of heavy 
hamiucrs, are nnited and drawn into bars of required 
■izee and forms for nse. 

These masses, taken from the furnace and Buffered 
to cool without hamraering or rolling, would ho fonnd 
tnore or less crystaline and brittle. Bnt the latter 
operations prevent such a result, and the iron becomes 
more or leas soft and flexible, even in a cold state. 

Iron which has undergone the uniform process of 
rolling, is generally of uniform quality and strength 
thronghout the whole piece; and, as far as it can he 
used in that state, without re-heating and pe-working, 
it may be reganled as somewhat more reliable than 
when it baa been forged and welded iuto difierent and 
XDoro complex forms. 

The high temperature required in welding, demands 
fixperteoce and judgment in determining the proper 
titoe to " strike," that is, when the metal ia hot enough 
to adhere lirmly, but not overheated to burning. 
Moreover, though the hammering required to bring 
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the parts together and reduce them to proper form and 
size, may prevent crystalization immediately at the 
welded point, still on either side are portions which 
may have heen heated so as to change the arrange- 
ment of particles, and not sabjected to sufficient ham- 
mering to counteract the deteriorating tendency. 
Hence, a break is more liable to take place a little on 
one side, than immediately through the welded part. 

To obviate this liability, the parts to he welded should 
be enlarged by upsetting several inches from the end, 
so as to admit of re-drawing under the hammer a little 
beyond where the intense heat has reached. 

But theory aside for the moment, although the 
avoidance of weldii^g in work to be exposed to great 
stress is desimble, it is nevertheless a fact established 
by large experience, that welded parts will bear as 
great a strain as takes place in well proportioned 
bridge work, with as much certainty as ever has been 
realized in any department of the means of locomotion. 

Danger lurks everywhere at all times. In railroad 
travel, boilers burst, rails break, wheels and axles 
break, etc., etc., but the failure of a weld in bridge 
work is rare indeed, and very few authenticated cases 
can be referred to. 

I would, however, prefer a weld in the straight part 
rather than in the end of a link, unless made with an 
excess of section around the bend. Whether a bend 
around a pin of 1| or 2 times the diameter of the link 
iron is more liable to break than the straight sides of 
the link, I can refer to no reliable authority to deter- 
mine. The longitudinal strain is no greater in the 
bended, thdn in the straight parts, if well fitted to the 
pin. But of course, it can not be expected to have a 
fit so close as to ensure a firm pressure quite round the 
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ircle. Hence tbe bearing is mainly on the back 

!e of tbe pin, until by a yielding to compression, and 
bj A fliigbt bending of the link end, a prceaure is pro- 
duced all uround. 

This slight bending, good iron will undergo nithoat 
hnving itp strength itupiiired, when in its normal coo- 
dilioQ. But tbifl condition is dinturbed in the process 
of bending, the ouleide portion being extended, and 
tbe inside compressed, whereby the stjlfness of the part 
i« inerensed. In tbe outside portion the power of re- 
listing extension is increast^l, white llmt of tbe inside 
jjortion is poanibly diminished ; und, whether tbe 
■iggregate resistance to extension is increased or dtmin- 
ished, experiment alone can determine ; ami, nndoubt- 
edly, the more soft and 6exible the iron, llie better can 
it Btlnpt itself to a bearing upon the pin. Hence, it 
should be rllowed to cool gradually from a full red 
Ji««t, after the shaping is finished. 

Hence, also, the necessity of extra section in welded 
ends, which, being less flexible, must obtain bearing 

rface by conipresaion and yielding of contiguous 
parts, rather than by bending, and consequently, must 
Yindorgo greater transverse strain iu tbe end of tbe link. 

CXni. A link formed of wire J" in diameter, formed 
lo R piu ,''," in diameter at one end, and brazed with 
ft long lap at the other, suffered a permanent stretch 
in the straight part, of one per C. of its length, with no 
ippareot injury at the ends. Oilier analogous experi- 
bave shown similar results, namely, that the 
:niig)it porrious will j-ield before the bended portions. 
Vow the same degree of disturbance in the metal 
tskes place in a email, as in a largo rod. bent to a 
larre whose radius has the same ratio to the diameter 
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of the rod. Hence, it is difficult to avoid the conch- 
sioD that rods of soft and flexible iron, sach as oogfat 
to be used for tension members in bridge work, bent 
to a proper fit upon connecting pins of diameter aboot 
twice that of the rods, and formed into links by weld- 
ing in the straight parts, are quite safe under any stress 
T^nthin the limits adopted in bridge work. 

But it seems to be more convenient to form the weld 
at one end of the link, if not both, and such has been 
the usual practice ; and, as before remarked, if a BQ^ 
plus of metal section quite around the bend be secured, 
and the work well performed, this plan can scarcely be 
regarded as faulty, especially, in view of the long, 
varied, and successful usage of such vast numbers of 
links made in this manner. 

Now, although the link chord is very simple, effi- 
cient, and convenient to make and manage, there are 
available alternative devices, some of which will be 
here described. 

The Eye-bar Chord. 

CXrV. This is composed of two or more single rods, 
of oblong, square, or round section to each panel ; 
connected by cylindrical pins passing through strong 
eyes at each end of the chord bars. 

This plan until recently, has involved quite as much 
welding as the link chord; the eyes having been 
formed in separate pieces, and welded to the body of 
the rod. But within a few years a process has been 
devised by the Phoenix Iron Co., of Pennsylvania, for 
upsetting and forming eyes upon rolled bars. A mold 
or die gives the desired form and size to the head, and 
aside from the fact that a violent disturbance of the 
normal condition of the iron is produced in the vicini^ 
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r the hcnd, thure can lie do question as to tlie exccl- 
inee of the work produced ; and it U undoubtedly, 
Btiect\j relUlilo, under any stress to wljii^h it is ad- 
tiasibW to uxpxsu the material iu bridgo work. 
Figure 30B represents the joint of an eye-plate chord 
t c, adiipled to tlie arch truss. Upright and diagouala 
Bve each an eje to receive the connecting pin at the 
►wer end. The upright has a washer above the eye 
> form A ben m scat above tlie eyea of the chord plates. 
'erhap8 Iho washer ehould be iu the form of a saddle 
r stool, with downward projectiona bearing upon the 
in tiatside of the diagonals; or, perhaps inside, in 
ue the diagonals be iu pairs, as before suggested. 
CUL] , 

Size of CosNECTiNa Pin. 

CXV. Considering the average bearing upon the 
lin, to be at the centre of thickness of the eye, or link 
ind, as the cnse may be, the thickness of the eye indi- 
ntes the leverage upon which oppoeito links act, when 
ide by fiide upon either end of the pin. Estimating 
be Btrengcli of the pin, then, at 4,S00H>s. to the square 
nob of section, with a leverage equal to the diameter 
f tbe pin [see xcvtil,] we obtain the proper diameter 
f tho pin ns follows : 

Let fl*-src« of section in link or chord bar. 
/wthicknees of eye— leverage of action, 
z^diamoter of pin, iu iuchos. 

Then, .7854x'=>area of pin section ; and this raulti- 
ilied by 4,500 1,— ?^^2r*, equal to the resisting power 
f tbe pin; while 15,000ii»the power of the link; and 
iDttlog tbeee two expressions equal to one another, 
Ad deducing tho value of x, we have the required 
Suaater of the pin, ^4.244a,f lQche8,«z. 
25 
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CXVL If a«"4 square inches, and /—1.5 inches, 
then a.i =- 6, and x = ^6x4/J44 « 2.94 incheg. 
This diameter of pin is required to mthstaud the action 
of the chord alone, which is the only stress upon the 
pin when ihe chord is at maximum tension. Bat 
when the diagonals running in the same direction 
liorizontally, with the inside links, are brought into 
action, they act in conjunction with the links iu pro- 
ducing stress on the pin. 

Now, the greatest stress upon 6n, Fig. 11 [see xxxiv] 
occurs when the point b alone is loaded, and the Unks 
ab sustain If of their maximum stress from movable 
load, and 6// sustains 52^'^,givingahorizontal pull of about 
6 5*(?", the amount varying with depth of truss. Again, 
besides the 6io" bearing at the point a, in virtue of 
the movable weight (?(;), at 6, we have 8m?' due to weight 
of structure, also bearing at a; and assuming 3w?'to 
be ecjual to l?c, or 7?(?" the whole pressure at a, equals 
Viw'\ when the horizontal pull of 6n equals 6.5m?". 

The tension of ab^ in the usual proportion of arch 
trusses, equals about :2J times the bearing at a^ whence 
the stress of ab with the point b alone under load, 
equiils 13m?"x2.25, « 29.25/(?". Deducting from this, 
Q.bio^' for horizontal pull of 6w, it leaves 22.75m?" « 
stress of be. Then, assuming the diagonal to act in 
the centre of the pin, and the length of pin between 
centres of bearing of outside links to be 27", we find 
the stress at the centre of the pin, by taking the mo- 
ments with respect to the cen^e, of the action of the 
two links at either end of the pin. The diflerence of 
these moments, the forces being opposite, is the mo- 
ment of the force producing stress at the centre of the 
pin ; in other words, it is the force acting transversely 
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itpon the pit], nt a leverage of 1 iach, the incli being 
our anit of length. 

We found the pull of ab =- 29.25>e", or t l.Q25w" at 
•ach cud of this pin, wliich multiplied by distance from 
•outre (13.5") gives a inoment = I97.4375ic", while for 
it, the moment is }x22.T6xl2" — ISG-dOu" ; uod tbo 
dift^reiice — ()0.d376ic" — stretia \a centre of pin, upon 
» loverugo of 1". 

AHsigiiing such a value to w" as will give tbe sft- 
■nmud stress ofl5,000S>3. to the inch opou aby/hb tbe 
Iru** fully loaded, with a bearing at a, of 21 uj" for mova- 
ble, and Jic" {■■ Srr'), of weight of etruclnre, we find a 
■trt-ssof 28x2i (- 63)«;" — 8xl5,0000ib9. - laO.OOOIba; 
irbeiioe tc" — l,ll050!>s. which, bving Bobstituted in tbe 
ttborc iimnimt atG0.9S75w" gives tbo stress in pounds 
Rt Ibo ventre of tbe pin, on a leverage of 1", equal to 
lI6,08Glb8. 

We hare seen [scvtii] that tbe resisting power of 
lpmjecHiigpittequu1t4..'iOO^,whicbinthiscuse, pquaU 
l,fiO0AD (L being -m 1), eqnal to 4,500 X.T8542'. Then, 
Uvking tbiscxpreaainn ■■ 116,08S!b9, we have z — 3.2" ; 
wiug 0.26" liu->;er than is required to witliRtand tbe 
iction of ehord alone, ut its maximam stress, as already 

■ .. [CSVI.]. 

By similar proceM we find very nearly tbe same re- 
inlts with respect to tbe shorter pins toward the centre 

!* tb« trusA. For, although the maximum action of 
lUgonals tHket place under grenter stn^ssupon chords, 
bo ditfereuce is balanced by dtmiuutton in length of 
lins towsnl tbe centre of tlie truM. 
fibdold this fao>)« of connection be adopted, tbe pre» 

^ing illufdrattons and examples, it is hoped, will 
Itiable tbe proper proportions of connecting pins to le 

ideniiiood for trosses of whsbevor dimensioua. 
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A Riveted Plate-chord. 

CXVIL May be formed of flat plates as long as may 
be conveniently managed, connected by splicing plates 
of a little more tban balf the thickness of the chord 
plates, one upon each side, riveted or bolted with snch 
a distribution of rivets, &c., as may not weaken the 
plates by more than the width of one rivet hole. 

The area of rivet section should be at least | to f as 
great as the net section of the chord plate, on each side 
of the joint; and, go^ Fig. 34^ denoting the splicing 
plate, the distance cd^ from the joint to the centre of 
the first rivet bole, should be at least twice the diame- 
ter of the rivet (depending somewhat upon the size of 
rivet and thickness of plate, as well as the soandness 
of grain in the iron). The succeeding rivets, a, c,/, 
&c., should be placed alternately on opposite sides of 
the centre, so that the oblique distance ac (» O), may 
equal the transverse distance (■» T), + the diameter 
of whole ("= H ). Then, representing the longita- 
dinal distance 6(?, by L, we have T+H « O, and 
(T+II)» - 0\ =. T«+L« = T»+2TH+H«; whence L 
- >/2T,U + lP. 

If the plates be 6" wide, and T =- 3 J" (which is re- 
garded as in good proportion, the above formula gives 
L « 2J" very nearly, for a }" hole. Then, 6" being 
allowed for the space ce, and 2" each for cd and eg^ the 
splice plates would have a length of 20^'^ and { of the 
whole section of chord plates would be available for 
tension; since an oblique section through two holes, 
would quite equal a direct transverse section through 
one hole. 

The amount of rivet section above given is estimated 
upon the assumption that each rivet must be sheared 
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olf in two places; and that it will resist, those ehonr- 
ing«, each, with about } of the force required to pull 
t!ie rivet asunder by direct longitiidiual straio. 

It iBohvioufl that the two rivets e and/, Fig. 34J,en8- 
taiuing a portion of the stress of the chord plate, relieve 
in the same degree the atre^e upon the portion betiveen 
those riveta and the joiut, or end of the plate ; whence 
it is not necessary to preserve the same section in the 
portion thus relieved, as in other portions of the plate. 
Til' refore the rivets a and c, nearer to the joint, may 
be larger than e and/, when the section of plates re- 
quires more rivet section ; provided always, that the 
least net section of splice plates, have as great an area 
OS the chord plate has through only one of the smallest 
rivets. For instance, four J" rivets are sufficient for 
platM 6" X 4". But plates 6" xj" require more 
rivet section ^say J" for e and /, and J" for a and e ; 
while, the same for the former and 1" riveta for the lat- 
ter, give about the roquired section for plates 6" X }". 
This leaves in each case, the same proportion of net 
ftratlable section of plates. 

Moreover, if rivets a and c be placed opposite to each 
other, and/ be removed to a, the rivets being J" and 
1" respectively. Then, the smaller rivets sustaining 
over ) of the stress, while the others sustain lees than 
I, the latter may cut off ^ of the net section {which is. 
In this case {" less than the whole width of plate), and 
Btill leave enough to sustain more than their own 
legitimate share of the stress, 

Thia may ho done liy one rivet or two, placed op. 
pofiite c; and thus the length of splice pUitea may be 
•bortcned to 15} inches, instead of20(, an represented 
in the diagram. Bnt, aa in this case, the long plate 
bu % net width of 6J" and the splice plates, only 4" 
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the latter require 31^ per 0. more thickness than the 
former, so as to nearly or quite balance the saving in 
length. 

As to the proportions of parts, in this kind of work, 
I would suggest that the thickness of plates be from |th 
to j^jth of their width, and the diameter of rivets, from 
1 to 1^ times the thickness of plates. If plates be very 
wide and thin, they may be liable to be strained un- 
evenly, and if very narrow, an unnecessary proporti<Hi 
of section is lost in rivet holes. 

Fio. 34}.' 

Cf ^ fo O 





CXVni. The end connections of plate chords of this 
kii)d, may be effected by riveting on side plates at the 
ends, as seen at E, Fig. 34|, so as to give a thickness 
that will allow about J of the width of plate to be cut 
away by a hole for the connecting pin P, either round 
or oblong with square ends for adjusting keys or 
wedges. 

Or, the side plates may be omitted, and two key- 
holes made in the middle of the plate, one for a key 
having a thickness equal to the diameter of the smaller 
rivets, and far enough from the end to admit of another 
hole nigher to the end, with about 2" between the holes. 
This may, if necessary, have twice the width of the other 
hole, and should leave at least twice the width of hole, 
between hole and end. 

The width of the wider hole,+twice that of the other, 
should equal about half the width of the plate ; and 
the keys should be driven to an equal bearing before 
the work be subjected to use. 
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Tlie connecting blocka usetl with this cliord, sob- 
tftiiiing only the htirizontul actiou of Jia^wuls, maybe 
cobdiderably lighter tbau those iiaed with thi.- links, 
•specially iii arch trusseo. In order to transfer the 
iiorizontnl action of diagouaU to the chords, murtUes 
BIBJ b« made io the plates, as seen at m Fig.34^,uot 
wid«r than the smallest rivets used in splicing, to re- 
ceive tenons of wrought iron cast in the block. 

As to the merits of the riveted plate, as compared 
-with the link chord, it may he aseume^l that two splices 
are sufliciont for any truss not exceeding 100' lotig, and 
that the weight of splicing plates and rivets will L-qual 
4 or 6 foet extra length of plates, aay 6 per cent upon 
• chord 80' long. To this wc hare to add about 14 
|>cr cent for extra section to compensate for rivet holea, 
Jnakirig 20 per cent of iron lost in formhig connections. 

Links require ahoat half as much extra matoriul, to 
"bo taken up in henda, lappings, and eulargcinent of 
•ecttOD at the ends; showing about 10 per cent leas 
iron for the link, than for tlie plate chord. This would 
«inount to about 4001b?. for two trusses of 80', with 
links of li" round iron. But this may be nearly or 
^uite balanced by 500 or dOOIbs. of castings, which 
,iamy be aaved in weight of couoeeting blocks. 

Tho economy of material being so nearly equal ia 
itbe two chords, their relative merits must depend 
ino«tly upon the comparative cost of manufacture, and 
Jhe rehitive efficiency of the chorda in use. It is deemed 
-tur from improbable that the riveted plate chord might 
'ba found, on (air and thorough trial, to be worthy o( 
lixtaiuivo use in arch trusses, in placQof the link chord. 
iThc foot that in the plate ehord, the iron is used in its 
drigtnal condition, as it comes fram the rollers, is cer- 
laiiily favorable. 
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BRIDGES WITH PARALLEL CHORDS. 

CXIX. These may be constructed with or without 
vertical members, and in form, either rectangular, with 
vertical end posts, or trapezoidal, having inclined 
end members, or king braces, as exhibited in Figs. 
12, 13, 18 and 19. 

m 

Trapezoidal Truss Bridge, with Tension Diagonals 

AND Compression Verticals. 

For short spans, less than 70 or 80 feet long, the 
simple cancel, as in Fig. 12, will generally be used, 
with trusses too low to admit of connection between 
upper chords, except in case of deck bridges. 

The same plan of lower chords composed of links 
and cast iron connecting blocks, may be used, as 
already described for the arch truss. The connecting 
blocks are shorter, and may be cast in connection with 
the upright,' or the latter may be in a separate piece. 
In the latter case, the block should have a suitable seat 
to receive the upright, and keep it in place. 

As the upper chord depends upon the stiffness of the 
beam and upright for lateral support to keep it iu line, 
the upright should be firmly attached to the beam, and 
at right angles therewith. 

There is no means of estimating exactly the trans- 
verse force which the chord may exert upon the up- 
right. But if the ends of chord segments be properly 
squared and fitted, the lateral tendency will be quite 
small. It is recommended, that each upright have a 
transverse strength suflicient to withstand a force of 
IjOOOfbs. acting at the upper chord ; that it have a web 
and flange form of section, nvith a width of web at the 
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I eoDtieclton with the beum, not less than ^'^ of the dia- 
I taiico of upper chore! from the beam. 

Fig. SO will serve to illustrate the modes of connec- 
[ tion for most of the mcmliers of a bridge of the kind 
under consideration. That 
part of the uprifiht between a and 
b, is contracted in length. Other- 
wise, the parts are ropreaented 
in nearly correct proportione. 
At f, 13 represented ihe connec- 
tion of the uprij^iit with the end 
of the beam, hy means of a 
double eye and boll, us ehowu at 
A. This receives the web of tho 
beam, to which it is eecnred by 
the tnitiaverse holt, which should 
be long enough to receive the 
,' rod under both head and nut. The stem 
foflhiBfixtiirc cxteuds through the upright at its widest 
J part (wh'ence it may taper in botli directions), and la 
I secared by a nut upon a screw of about H" in dinme- 
The beam should rest with its Iowlt flungeupon 
I annall projection cast upon the upright, and not hang 
I i]|iuti the connecting (ixtare. 

If BO preferred, the sway rods may ho connected by 

[ ■ tcrcw and nut cast in tlic end of ihc connecting 

block, as seen at d. This plan has been useil, but the 

oonnection by the bolt nt e is deemed preferable. 

The outer and inner flanges of the upright at the 

I top, being increased to nearly an inch in thickness, ac- 

I cording to size of bridge, and extending 3 or 4 inches 

[ kbave the web, termitmte in aeniicircular concaves to 

' reeeire the pin connecting tlie dingonais with the 

Dpper chord. A full view of the flango at the top of 

26 
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the upright, with the pin resting in the concave, u 
shown at e. 

A heavy cross-bar from flange to flange at a, and 
light cross-bars at intervals of 16 to 18 inches from « 
to 6, serve to support the flanges, and stifibn the piece. 

The diagonals are formed with eyes to receive the 
connecting pin at the upper end, and screws and nats 
to connect with the block at the lower chord, in the 
same manner as in the arch truss. 

The main diagonals, those inclining outward from 
the centre of the truss, should be in pairs, and in size, 
propoitioned to the stress they are liable to, as dete^ 
mined by the process fully described in sectioDS 

XXXIX, &c. 

The links acting in conjunction, horizontally, with 
the main diagonals, should go on next the end of the 
connecting block, as that arrangement obviously pro- 
duces less stress upon the block. 

The upper chord, usually formed of hollow cylinders, 
has openings in the underside at the joints, foi^prightfl 
and diagonals to enter, where they connect by means 
of the transverse pin already mentioned. The cylin- 
ders should have an extra thickness for 3 or 4 inches 
from the ends, and a strong collar around the opening, 
to restore the loss of strength occasioned by the open- 
ing; and the ends should be squared in a lathe, to 
secure a perfect joint and a straight chord. 

If it be required to give a cambre to the truss, the 
ends- .#f cylinders should beslighly beveled at the ends, 
making the under side a trifle shorter. This is easily 
eflected by throwing the end opposite the one being 
turned, out of centre more or less, according to the 
cambre required. An 8 panel truss requires an ex- 
centricity equal to j^q of the requiredrise in the centre 
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^tfae tru»B. For any oven number of panels, luuke a 
irieaof iKid numbers, 1,8,5, Ac, to a number of terms 
|ual to lialf tlie number of panels; add the terms of 
Ibe series, ami divide the required cumbre by the sum, 
md the quotient equals the required exoeutricity to 
[ive the proper bevel. 

Fiw an odd ntinibcr of panels, take as many even 
lumbers -2, 4, 6, Ac, as equal half the greatest even 
iDmber of panels ; add the terms and divide as before 
Dr the excentricity. For ithistratioii, for 8 paneltt, lh« 
Dur odd uumbcrs H-.3+5+7 = 16, whence the cxceu- 
Iricity should be ,'g of the cambre, as above stated. 
'or a 7 panel truss the three even numbera2+4+6 — 12. 
[ence the excentricity should be ,\ of the cambre. 
'be reason for this rule will be obvious without more 
^ftrtlculur demoiistnition, 

At the obtuse angles of the trass, a hollow elbow is 
bserled (^, Fig. 85), reaching about 10 inches each 
iroy from the angular point, at the centre of the con- 
t«oting pin, wilh an opening in the under side for up- 
light and diagonals to enter, whore they are fastened 
lU a pin or bolt, as at the intermediate joints; iha 
Iqrltnders meeting the elbow, being shortened by oa 
uch w the elbow extends from the angle, either way. 
The vertical member connecting with the elbow, is 
CpOMd to tension only, sustaining a weight equal to 
le griw* panel load of the truss. It may be comixised 
'two wrought iron suspension rods, united in a single 
ve at the top, and diverging downward to a connection 
1th the beam and connecting block ; or, it may be of 
«t iron, like the intermediates, with wrought iron eye 
lalM, in place of the oast iron flanges with concaves 
e. These should be fastened hy efticient 
to the east iron part of the npriglit ; which lot- 
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ter should have a cross-section nowhere less than 
one square inch to each 2,000&>s. of the gross panel 
load. A complete wrought iron connection from beam 
to elbow, however, is to be preferred. 

The thickness of web and flanges of the uprights, 
should be from f to | inch, and the cross-section of 
upper chord cylinders should be about 20 per C. greater 
than that of the portion of bottom chord forming the 
opposite side of the oblique parallelogram included be- 
tween consecutive main diagonals and included sections 
of chords ; slb dekl^ Fig. 12. 

The upright should be so formed as to bring the cen- 
tres of upper and lower chords in the same vertical 
plaue. 

Sway rods in this class of bridges, should be about 
}" in diameter, with a turn buckle near one end for ad- 
justment, and an eye at each end, for connection with 
the bolt at c. The screw working in the turn buckle 
is cut upon the short piece, which should be J" larger 
in diameter than the long piece which has no screw 
upon it. 

The lower chords, king braces, and sway rods of the 
endmost panels, connect with cast iron foot pieces 

upon the abutments, as represented 
in Fig. 36. The portion of lower 
chord in the end panels, usually 
consists of single rods, instead of 
links, with an oblong eye atone 
end to receive the connecting block, and a screw and 
nut for connection with the foot piece (Fig. 36), at the 
other end. 

This plan of construction will generally yield pre- 
cedence to the Arch Truss plan, for short spans, except 
for deck bridges upon rail roads, in which case the 
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troctare will be secured laterally, by x ties, or swiiy 
•ds between beams, and between king braces at the 
mdft; no x bnicing being required betweeu lower 
^ord». 

Low tniBses constructed in the manner above de- 
eribed, have been ased satisfactorily for snpportiiig 
be outside of wide side walks; answering the pur- 
wes of a protection railing at the Siime time. Kor 
his purpose, the uprights are only 5 or 6 feet long, so 
• to bring theupper chord about 4 feet above the 
looring. The first instance of this kind wiis in the 
e of the canal bridge on Genesee street in tJtica, 
loilt 18 or 20 years ago, and repeatedly copied since. 

CXX. Bridges from 80 to 100 feet for common roada 
i«y b« constrnctod with single canceled Irusses, 13 tol4 
et high ; in which case the panels will reipiire to ba 
ide (horizontally) in order to avoid an inclination of 
iiigonals too steep for good economy. 

But for railroad purposes, the trusses require n depth 
r About 20 feet to afford sufficient headroom under 
w top connections, unless the benma be suspended 
Blow lh« bottom chorda. Ilcncc, the 
Double Cdncflaled TVuss 
lOiild be adopted for "through bridges" of spans 
[ce«ding 70 or 80 feet. 

Figores 18 and 20 exhibit in outline, the general 
wracter of the double cancolated trapezoidal truss 
ridge; and, it is only necessary in this place, to de. 
tribe feasible modes of forming ami connecting the 
iriotts members ; which may ho done essentially as 
Bacribed in the preceding section, with such modifi- 
ktions as follow. 
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Osat Iron Uprights 
are composed of two or more pieces, WheQ of two 
piecve, Uiej may be connected by flaugeHand bolta at 
the centre, where they should have a diameter of about 
i<^ of the length, and a cross-sectioa determined by 
the maximum Btreas, and the power of resistance of 
the material, as indicated in the table [zoin.] 

The apright may taper from the centre to either end 
to a diameter of 5 to 6 inches, internally. The lower 
end is to stand upoa 
'^°- "■ ■ a properly formed 

seat (A Fig. 87), 
upon the connect- 
ing block of the 
lower chord, and 
may have an open- 
ing at the bottom, 
upon the inner side, 
where the beam 
may enter and rest 
upon a eeat (e), inside of the upright, upon the con- 
necting block. The strength destroyed by this cutting 
the post should be restored by additional metal in a 
band or collar (c, Fig. 87), around the opening, and, 
if neceasaiy, by the wing flanges d d, extending 6 or 8 
inches above the opening. To avoid too much catting 
of the post, the flanges of the beams may be reduced 
to S or S| inches in width. The post and beam seat 
upon the connecting block may be elevated S or 4 
inches above the links, as may be required, so as to 
allow sway rods to pass through with simple screws 
and nuts for adjustment; thus dispensing with tnm- 
bucklea. 
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Iloles ahoulil be cast in the central part of llio pust, 
ir diagoriula to paaa obliquely tbrougli. Or, wlmt ia 
erh&[» Itetler, the coaDecting holla may be length- 
tied so as to permit the insertion of an open box, or 
ame, bctweett the flanges, na seen ut a. Fig. 87. 
Ills iutermcdiato piece BhouM be ao constructed aa 
» clom the ends of the butlow pieces meeting it, and 
ravcDt tlie water from getting inside. 
Tbo top «nd of the upright is forked, with conoarcfl 
ir the connecting pin to rest in, as described in (he 
M section, and us bcou at a. Fig. 38. The cap piece 
' the post may be cast separate, or in connection with 
le app«r half of the column. Both plana have boeu 
itisfMUlorily used. All joints, when practicable, 
loold be accurately fitted by turning or planing. 
This plan of a cast iron upright, composed of two 
riDci|ial parts, with or without the c<:.ntre piece, is 
jrbups tu good as any for general use ; the pHnuipal 
.aadvaiilaga being the difticnity of giving a sufficient 
AiUfttor in the middle for stiffness, without two much 
•dkciug the thickness of metal, or iuureusing the 
BDioatit of croaa-section beyond the proper theoretical 
proporlioiin. 

To obviate tbU difHculty, the device adopted in tb« 
original model of the Trapezoidal bridge, was that of 
uaing tmsft-rods, or stiffening rods, to secure the poxt 
•gaiuBl latoral deflection, after the mannner shown in 
Kg. 88. 

Ill the BUM of using stiffening rods for the Dprighln, 
it may berccoinmendcd to formeachhalf of (ho column 
in two pie(.-.e«, somewhat in the niuniier above described 
fur the whole ono, without stiQcnera; making the 
piece forming the end portion about Jth shorter 
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than the other, with a strong flange at the lai^er end, 
to afford attachments for the stiffening rods. 



Fig. 38. 




In Fig. 38, a c rf exhibits the upper half of the up- 
right ; A, the stretcher at d ; /*, the flange at c (enlarged), 
and I, J, enlarged sections of the two ends forming the 
joint at c. The piece running toward the centre has no 
flange at c, but has nn increase of thickness for a short 
distance from the joint, as shown at J, and a diameter 
about J" lar<j:er than the abutting piece« which latter 
has a small burr entering the former J" or J" to keep 
the ends in place. At ^/, each of the pieces meeting' 
at that point, has a bi-furcation, so as to form an open- 
ing for diagonals to pass through, at the same time 
passing through the stretcher A. 

The lower half of the upright is the same as the 
upper, except the end, which is squared to fit a flat 
bearing upon the connecting block. An enlarged ve^ 
tical section of the lower end is shown at i, Fig. 88. 
See also Fig. 37, where is shown tfie arrangement for 
the beam to enter the opening in the lower part of the 
upright, as described a few pages back. 

Floor beams of wood or iron may be suspended be- 
low the chords by bolts passing down through the 
connecting blocks, or, wooden beams may be in two 
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1, resling upon flaiigea cast npon the upriglit a''i'ut 
I" aWve the lnwer end ; ttio beam limbers being hol- 
vred out apou Uie iiidides, eo us to eiiibrnt'o tbe np- 
ight, iu part, leaving a space of 2 or 3 inclie< lietween, 
mil Becured in place by bolts and spparatiiig blncks. 

Tho mode of inserting iron beams by means of npen- 
DgB in the uprights, has already boon explained. 
ILateral x ties, or Hway-rods may be inserted by bolting 
D the beamii {Figa. 31 and 8-3), attaching to the inner 
indofcouDccting blocks, as at./, Fig. 85, or by piisBing 
btviigh the block betn-oeii the links and tbe post and 
utm cent, in the manner referred to two pages back. 
I>iagonal tics of wrought iron, and traiisverae struts 
if wrought or cast iron, are also required between the 
i|)per chords, to keep them in line. Oust iron erofts> 
tnits may have th« web and flange form of section, 
ritb shallow aockuts at the enda, to admit the canuect- 
Bg holts at the upper chord to enter, after jtossiug 
brongb eyes upon the upper sway-rods and nuta to 
. them ill place. Tliese away-rods require turu- 
■ adju.-(tmenr, when they extend across ono 
nJy. But if the bridge be wide between trasses, 
f extend only from the end of one cross- 
I to the centre of tbe next, where it may pass 
>ogh tlio strut, and receive a nut on the end. Thus, 
' rods meeting at the centre of the stmt, each 
IBving its appropriate hole to pass through, all as near 
a one another as practicable, with sufficient space for 
B to tnrn {ace a and e, Fig. 89), it forma a coDveD> 
t arrangement for iidjusting the rods to a proper 
toiion, at the same time affording lateral steadineasto 
B croM .strut, 
"he end-most struts, however, should have no roda 
lOecting with thorn in the centre, as they can have 
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HO antflgnnist rods oo the opposite sides to prevent tho 
springing of the stmts. The end panels stionld bave 
two full diagonals with turn>bucklea, and two half 
diagonals connectiug with the coatre of next strnL 




Id Fig. 89, a shows the middle of the croas-strut, 
with the upper Bange removed ; e, a joint of the upper 
chord, where the connecting holt passes traneversely, 
receiving eyes of swaj-rods, and nut, and entering the 
end of the strut at d ; the upper part of the strut being 
removed, down to the socket. The bolt bears upon a 
alight swell in the bottom of the socket, to ensure a 
central thrust : (see also, A, Fig. 88). At e is presented 
a side view of the centre of the strut, showing the ar- 
rangement of the holes. 

A similar device has been used with good effect for 
giving lateral support to posts or thrust uprights, of 
the web and flange form, so proportioned aa to have 
greater stiffness transversely than lengthwise of the 
truss. 

It has been demonstrated that the weight anatained 
by these posts, increases toward the ends of the truss, 
while the tension of counter diagonals runs oat to 
nothing, a little way from the centre of the truss. For 
instance, 4/6 Fig. 18, auatains 6wj" — IJw', which is a 
negative quantity whenever w is less than 4u>', that is, 
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whea tbo greatest movable load ia less than fonr limes 
tbe weight of atructure, as in usuiiUy tlie case. But 
in^tctid of diapetiaitig with that member, and other 
coantore on the left, they may be made in two pieces 
:h, of j" or J" iron, connecting with the upright at 
the croesing by Bcrews and oule, in the manner above 
described ; tbua preventing the uprights from deflect- 
ing lengthwise of the trtisa, where the greatest weights 
let upon them, and where otherwise, they would re- 
{aire to be heavier. 

Qkxbral Transverse Support. 

CXXI. The system of cross-struts and diagonal ties 

Krrca lo preserve the upper chords in line, but does 

not prevent the whole structure from swaying bodily 

to the rifeht or left ; a result which would be fatal to 

le structure. 

In the arch truss Fig. 27, the width of base at the 
Icirings upon abutments, resulting from the peculiar 
I of the arch, atTords the retiuired stubility in this 
respect. 
In cow of the trapezoidal truss, when high, various 
»Ticw have been resorted to for producing the 
me reanlte. For deck bridges, cross tying between 
Idlig bracee at the ends, is an easy and efficient means 
ncoompliahing the object. For through bridges, 
ya from the connecting boll at tho elbow of the ob. 
tQ»e angle, anchored in the abutment, may be em- 
loyed. But this requires extra length of abutments 
ul piers, and the effects of change of temperature, 
re, to tighten and fllackeu the guys, bo as to impair 
lelr eificiency. 

To obviate the latter objection, double acting guys 
^acting by thrust and tension], applied at one side only 
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of the bridge, have been employed : the effect of 
temperature being only to very slightly sway tho 
bridge laterally, but not so as to be detrimental to sta- 
bility. This also, requires 5 or 6 feet more length of 
pier, than what is necessary to bear the vertical pres- 
sure. 

Again, the king braces have been made with two 
branches diverging from the elbow to a base of 2 or 8 
feet in width, according to height of truss. This plan 
has been used in a large number of bridges, with sa- 
tisfactory results. But it contracts to a small degree, 
the available width of bridge ; not, however, so as to 
produce material inconvenience. 

Another device is, the introduction of two or more' 
long beams, extending 6 or 6 feet outside of the trusses^ 
say at the first thrust uprights from the endef (as over 
Figs. 3J, 3J, Fig. 18), with guys extending from the 
connecting bolt at the upper chord, to the ends of said 
long beams (see g Fig. 88). 

Arches may also be introduced at the ends of tho 
bridge, attached to the king braces, say a quarter of 
the way down from the top, and with the connectingbolt 
at the elbow. These may be made with a full, or an 
open-work web, and flanges of 2 J or 2|^'inch angle 
iron upon both sides of the web, at the top, and around 
the arch, and either angle iron or plain flat bars, along 
the sides next the king braces. 

A web of ,*g" plates placed edge to edge, and bat- 
tened upon both sides with plates of the same about 
4^ wide, riveted alternately on each side of the seam, 
with angle iron, etc., as above, riveted once in 6", forms 
a stifi* and substantial arch for the purpose under con- 
sideration, such as have been used effectively in a 
bridge x)f 160ft span. 
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Moreover, 8imple arch braces extending from tho 

tig brace to astiffaud aubatnutial cross beam from 

clljow to elliow 



(see Fig. 40}, will 
effect uearly the 
eaiue result us tba 
arcb. Ill both 
cases, a considera- 
ble degree of luteral 
stress is liable to 
be thrown npon tlie 
king braces, which 
accordingly should 
be strong, or sup- 
ported by trusa 
rods, and struts 
|>poa)te the feet of t]ie arcb or braces. 
Wliether the truss rods be used or not, it is advisa- 
6 tliat the connection with the king brace be made 
y means of a bolt rnniiing through the nbole dia* 
leterof the king brace, with nut or shouMer bearing 
ctornally and internally upon both sides, to counteract 
ly tendency to collapse. 

Fig. 40 prt-senta an end view of a bridge, showing 
ch braces, with truss rods to sustain the thrust of 
eh braces iiguinst king braces. The internal figure 
lives an enlurged view of the connection at the elbow. 
Btrnp a (about j"x5"), bent twic« at right angles, 
riveted or bolted to the Dangos of an I beam 
kbotrt 9" deep), leaving a space nf about 4 inches from 
16 end of the I boaai, for eye* of lwf> sway rods and a 
it opon the large connecling holt. This holt in large 
ridges b«ing from 3 to 4 inches in diameter through 
elbow, is reduced to 2 or 2} inches iu the part pro- 
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jecting through the strap above mentioned, and the 
eyes of sway rods. 

The truss rods may not be necessary (with substan- 
tial king braces), for spans not exceeding 150 feet. 
But they will add to the security, in all cases of rail- 
road bridges having cast iron king braces. These 
members being over twice the length of the cylinders 
in the upper chord, are usually cast in two pieces, and 
connected by bolts and flanges in the middle, where 
they have a diameter of about j*^ of the length of 
brace, and taper to the size of the upper chord at the 
ends. 

CXXn. Wrought Iron Thrust Members. 

The trapezoidal bridge, as described in detail in the 
preceding section, and as originally intended, is a 
wrought and cast iron bridge. But it will readily be 
seen that with slight modification of detail, it is easily 
adapted to the use of wrought iron upper chord, verti- 
cal posts, and main end braces ; which latter, for con- 
venience, have been designated in this work, as king 
braces. 

All of these members may be in the form of the 
patent wrought iron column of the Phoenix Iron Co. 
of Pennsylvania, formed of flanged segments, united 
by riveting ; or of rectangular wrought iron trunks, as 
well as various other forms of section. 

For the Phoenix column, a cast iron connecting 
piece may be inserted at the joints of the upper chord, 
with ends formed to enter the squared ends of the 
chord cylinders, and receive them against a shoulder 
of the connecting piece. This piece may have an 
opening in the under side to receive the diagonals 
and uprights, where they are secured by a transverse 
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connecting bolt, in the same manner as at the joint of 
the cast iron chord cylinders, as heforo deacribed. In 
tliis case the upright rnay have a cast irou top piece, 
formed as ecen in Fig3. 35 and 38 upon the top of cast 
irou uprights. A separate top piece has sometimes 
been used with cast iron verticals. 

Pio. 41. 




The connecting piece may also bo formed a? indi- 
CHli-d iu Fig. 41, with a downward branch like pro- 
1 to meet and receive tbe squared end of the vertical 
in the same manner as the horizontal part connects 
with chord cylinders. In this ease the coiioecting 
piece must have openings aa&tbb Fig. 41, for the eyes 
<littgonuIs to enter. 

Fig. 41, BhowB an inside view of the joint piece, ta 
U would appear if cut vertically and longitudinally, 
•nd the near half removed. The horizoutal part con- 
•iita of a cylindrical shell a little thicker than the 
wroaght iron chord cylinder, with ribs upon the oat- 
ido corresponding with thosoof the wrought cylinders, 
nd M shown in end view c. Upon the inside, the 
ring and flanges a a, project inward, leaving usually a 
icB uf about 6 inches (according to dimcoeioua of 
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bridge), for eyes of diagonals. These are to ease the 
lateral strain of the connecting bolt or pin. 

Tlie process meeting the vertical, may be rectangu- 
lar in horizontal section, composed of two paralld flat 
plates, in form as may suit the taste of the designer, 
united by two irregular plates formed to the profile of 
the parallel plates. The openings for diagonals, arc, of 
course, through the irregular plates. These are drawn 
in at the bottom so as to form a square with the paral- 
lel sides, htrge enough to pover the flanges of the 4 
segment column selected for the upright. See Fig. 41. 

The inside of the square (/, is filled in to form a hol- 
low round, aijout an inch less in diameter than the 
hollow of the column, that it may have a ring or collar 
(represented by the inner white ring around rf), project- 
ing about 2 inches beyond the shoulder into the wrought 
iron column. 

On the top of the joint piece may be an arrangement 
of oblique holes for the attachment of lateral x ties, 
and on the inside, facing the opposite truss, an abutting 
seat for the cross-strut, which may be in the form of a 
6" I beam, or such other form as may be preferred. 

Tne foot of the post may stand upon a properly 
formed seat upon the connecting block of the lower 
chord, w^ith an opening to receive the beam, in the 
same manner as described for the cast iron post. See 

Fig. 37. 

It will be necessary ror diagonals to pass through the 
centres of uprights, and for that purpose 10 or 12 inches 
in leniijth, as may be necessary, may be left out of two 
opposite segments, and the strength thus lost, restored 
bv additional metal, in such form as may be found con- 
venient and efficient. Or, a cast-iron middle piece may 
be inserted in the upright. 
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In the case of an upper chord of rectangular trunks, 
and uprights of other than a cylindrical form, the joint 
piece will be correspondingly inodiiied. 

The position of diagonals may be reversed, connect- 
ions hy an eye with a wrought cylindrical connecting 
pin at the lower chord, and by screw and nut with the 
joint piece of the upper chord. This involves merely 
a question of practical economy and convenience. 

Sometimes, also, the connection is made by an eye 
at both ends of the diagonal, depending upon accuracy, 
as to leigth, in the manufacture, for the [)roper ad- 
justment of parts. It is also practicable to provide 
means of adjustment in the length of vertical members. 

CXXIII. But, to enumerate all the changes, and 
peculiarities of detail admissible in the construction of 
the Tmpezoidal Truss Bridge, even if practicable, could 
hardly bo rei^arded as expedient in this place. The 
essential requisities are, to provide material enough of 
j^ood quality in all parts, to withstand the forces to which 
they are respectively liable, with etiicient connections 
of parts, by the most direct and simple means, and with 
Bicb un arrangement and adjustment as may produce 
the most uniform degree of strain upon ail parts of 
each member. For instance, ecah section of the lower 
chord is usually composed of several bars, and it is im- 
portant that each should sustain its proportionate share 
of the strefls. 

In the link chord composed of two links to each 
panel, if the links be properly fitted, the two sides of 
each must act very nearly alike, while the connecting 
block acts as a sort of balance beam to equalize the 
tension of links acting upon its two ends; and, if the 
two links of a pair vary slightly in length, the connect- 

28 
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ing block still secures equality of stress upon the two. 
The same is the case with regard to a chord composed 
of two eye bars instead of links, to each panel. 

But the serious mistake is sometimes committedi of 
putting the two links or bars upon the same side of 

those in the succeeding panel, 
Fig. 42. ^^ j^ pjg 42 ; where it is ob- 

vious that the inside links (a, 
bj c)j are exposed to more ac- 
tion than dj e,/. 

For, if the inside links be 
8", and the outside ones 4'' from centre of pin, since 
a and b tend to turn the pin in one direction about its 
centre, and d and e in the opposite dii'ection, the forces 
being in equilebirio — the moments (with respect to the 
centre), of forces tending in one direction, must be 
equal to those of forces tending in the opposite direc- 
tion. Hence, representing the stresses of the several 
links by the letters designating them respectively on 
the diagram, we have 8 X (a + &) =» 4 X (d + «), whence, 
a + 6 » j {d+ e); showing J more stress upon the in- 
side than upon the outside links. 

On the contrary, if the link e, be removed to c' upon 
the inside of a, then d and e' act in one direction, and 
a and 6 in the oiiiier; and, assuming as before, the 
inside links to be 3'^, and the outside ones i" from 
centre of pin, we have 4a + 86 =» 4d + Se'. But fl + ^ 
= 6 + e', and if the force be communicated at the ends, 
equally upon the two sides of the chord, giving equal 
stress upon a and rf, for instance, the tendency is to an 
even balanced action throughout the length of chord. 

Hence the two links of each panel should always 
act upon the connecting block or pin, at equal dis- 
tances from centre of pin. 



i 




Smouiit of chord soution m the middle {x^ilioii of thd 
truda, is so grcut, tbiit it ia deemed t^xpiidient to i] 
dace more tbuii two links or eye burs to ttie [laiie)." 
This \<s sometimes done by ulteruating them upon the 
connecting pin, increasing the numbt^r and e*izes ac- 
cording to the increase of stress from puiiel to panel 
toward the centre. 

This mode of construction, mdess the burs be apu 
ranged and proportioned with almost impracticabUJ 
care and nicety, is liuble to be attended- by an accumili 
buion of iKterul strain upon the connecting pin, beyon*! 

Rit can bear withoni bending, or springing so muolll 
materially disturb the equality of stress upoal 
ilea, or chord bars. 



Fio. 43. 




To iltnBtrate this Bubjeot, let Fig. 43, represent onel 
qoarter of iho chord of a 16 panel bridge. The linel 
00 may denote the central axis of the chord running 
tbruugh the centres of connecting pina; D, at a di»- 
tence of, say 8" from C, the line in which the diagol 
nab act npon pins, and the other parallel lines atl 
^intervaUof 3" from D, and from one another (see Fig8.r| 
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on right hand of diagram), the centrea of thicknenof 
links, at wliich points the action of respective linki 
is supposed to be concentrated upon the pins. Aho, 
let a, bj (*, etc., represent the panels of the chordit 

Xow, if 15 W, or 15, represent the stress upoafte 
chord in the two first panels, a and 6, that of the IQ^ 
ceeding panels to the centre, will be as 22, 34, 44, 52, 
58 and 62 (sec lower figures in diagram), and the dia- 
gonals (producing increments of action upon chord), 
will have a horizontal action represented by 7 in psnd 
&, by 12 in panel c, and so on bv 10, 8, 6, 4. These 
being added Huccessively to 15, produce the nnmben 
just stated for. the chord in the several panels. 

The first three panels, a,6 and c, require only one fink 

upon each side, as indicated by the oblique blacklinei. 
The 4tli panel, dy may have 2 links on a side, and Ae 
most favorable position for tbcm, as regards action 
upon counecting pins, will be as shown, diverging 
from the central axis, so as to bring the end toward 
the abutment, nearest to the main diagonal counectiug 
with the same pin. 

Tlie first pin, coimecting a and 6, having two equal 
forces acting in opposition, but at different distances 
from the centre line C, we take the moments of these 
forces with respect to that line ; which are, for fl, 
15xl4=210,andfor6, 15x11=165. Thedifference(45) 
between these moments, equals the moment of the 
resultant, or the lateral stress of the pin, exerted on a 
leverage of 1''. 

Assuming the value of W, our unit of stress (and 
always understood as aimexcd to the figures denoting 
stress), to represent 5,0001bs. we have for stress of pin- 
in this case, 45 X 5,000-i-L. The L, being 1" may be 
omitted in the expression. 



\ 
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TheHjinakinga:— diameterofpin,it3re8lBtlngpowcr■■ 
i^x4,500 (see [xcviii])- .785a:* x x x 4,500 -*- 1"- 

8y532.5x'; and putting this equal to 45x5,000 (the stress 
above found), we obtain x=«4" (very nearlj),=»i'equired 
diameter of pin. 

At the next pin v^e take the moments of one link 
15xl4"=210, and one diagonal, 7 x8"=56, making 266 
in one direction, against that of one link, 22xir's» 
242. Ilence the resultant moment » 24, and 24 x 
6,000=3,532.5x', gives the required diameter of pin m 
the centre^ x«3t', nearly. But this is the general 
stress in the portion of pin betiveen diagonals, and 
may be greater or less than at certain points where 
forces are applied. For instance, if the aggregate 
moments of forces in opposite directions be equal, the 
resultant moment is nothing, and the middle portion 
of the pin, between diagonals has no stress, and might 
be cat out and removed, as far as strength of ehonl is 
concerned. In the case in hand, the moment of link 
6, with respect to link c, equals 15"x3«» 46««stres8 of 
pin at centre ofc. Hence the required diameter at 
this point is found by the equation 45x5,000^-3,532.5 
xx*, whence x=4", the same as pin No. 1. 

At the next pin, if we add another link, making 2 
links sustaining 34W, at an average of 14'' from centre, 
giving a moment of 476, against one link, 22x14, + 
one diagonal 12x8 » 404, we obtain a resultant mo- 
ment of 72 ; whence, 72x5,000 — 8,532.5x*, and z — 
4.67 inches,* 1" required central diameter of pin, and as 
will be readily seen on trial, the greatest required at 
any point 

Again, assuming at the 4th pin 2 links and 1 dia. 
gonal against two links, we have for the former* 
84x17" + 10x8 - 658, and for the latter, 44x14 « 
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616, whence the resultant moment is 42. Therefore 
the equation 42x5,000 — 3,532.6x', givesx «= 8.9 inches, 
■■ required diameter iu centre, while for the outside 
link on this pin, the stress, 17, multiplied by 8 shows 

a momentof 61- Hence, a; - ^(5^^!p) - 4.16 inches 

O«Do«.0 

B required diameter at that point 

At the 5th pin, there are 3 links, against 2 links and 
one diagonal, giving moments for the latter, 44x17+ 
8x8 =• 812, and for the former, 52x17 "884; whence 

the resultant moment = 72, and x « -^(2^2y^)— 4.67 
inches. 

The moments at pin No. 6, are, for 8 links, 52x20, + 
(for diagonal) 6x8 » 1088, in one direction, and for 8 
links, 5 8x17 = 986, giving a resultant of 102 ; whence, 

Lastly, adding another link at the 7th pin, the 
moments are 58x20 + (for diagonal) 4x8, =» 1,192, 
against 62 x20^' « 1240, whence the resultant is 48, 
•anda:-^(15><_W00).4 08. 

In this case the eyes, or link-ends are supposed to be 
bored in the direction of the pin, a little obliquely to 
the direction of the link, so as to bear through the 
whole thickness, as long as the pins remain perfectly 
straight. But the pins having a degree of elasticity, 
and considerable length, must yield to the action of 
links, springing more or less in the direction of the 
greater sum of moments. It will be seen, moreover, 
that in each case, the consecutive ends entering the 
outside link, as 3 and 4, 5 and 6, &c., are always sprung 
toward one another; the inevitable result of which 
must be, a relief or relaxation of the outside link; 
whence it must sustain a less degree of strain than its 
fellows located farther from the ends of the pins. 



V 
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Now, as a 12 foot link, nnderaatresa of lO.OOOftis. to 
ic inch 18 extended fcM than j^ of a foot, a slight 
'ringing of connecting pins would relax the outside 
t)k« mutcinatly, especiuily when the pins tend to spring 
Mrart] one another. 
Again, if the links rnn parallel with the centre of 
lord, and at riglit angles with tlie connecting pina, 
indicated by llie double black lines (Fig. 43), the 
omenta of forges upon —pin No. 5, for instance, will 
e — for S links acting toward the right hand, 44 x 
I + (for diagonal) 8 X 8 — 812, against 3 links acting 
iwttrd tho left, with moments equal to 52 X'20 ~ 1,040, 
liowingadifluienceof 228 ; whencex-j/(??^^ll!?) — 
,85 inches -- required diameter of pin at the centre. 
At pin No. (!, are 3 links with a combinod moment 
r52 X 20, + (fur diagonal), 6 X 8. — tOTO, against 3 
nks wiih a combined moment of 58 X 17 — yStJ, aliow- 



■08 inches ■- refjuired diameter of pin. 
8ach would be the result as to stress and required 
diameter of pin, provided the pin remain perfectly 
Btmiglit. It is true that tho spring of the pin in tho 
direction of the greater moment, or sura of momonte, 
will, in practice, produce an obliquity in its direction 
through the eyes, winch will throw the centres of bear- 
ing upon tho pin, nigher to tho adjacent sides of the 
eyes, and thus reduce the ditterenA of opposite mo- 
menta, and consequently, tho strains upon tho pin. But 
BUcb relief to the pin must be attended with n distnrb- 
xnco of the central and uniform strain of the choni 
bar ; the strain being brought near one side of the bar. 
Moreover, as this can only result from actual sprinsring 
of the pin, there moat inevitably be a degree of relaxa- 
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tion of the outside link, whenever the pins at its two 
ends are deflected toward one another. On the con- 
trary, an outside link or bar connecting with two pins 
springing ^om one another, is necessarily subjected to 
greater strain than those nigher the centres of pins, in 
the same panel. 

In this case, the forces tend to spring the pins toward 
one another at the ends, whence the outside link must 
suiier more or less relaxation. 

It seems unnecessary to carry these examples further. 
The above results show a decided advantage in the ob- 
lique position of links, diverging toward the centre of 
the span, so as to have the inside link opposed to the 
diagonal. 

The arrangement of links, or eye bars, here assumed, 
and the amount of stress assigned to them, are no ex- 
aggeration upon what has been put in practice. But 
the preceding calculations must be sufficient to demon- 
strate the exceptionable character of such practice. 
Two links upon a side (4 to the panel), after two or 
three panels next the end, so thin as not to occupy 
an unnecessary length of pin — each taking hold of 
the pin outside of the succeeding one toward the cen- 
tre of the troiss, may be admissible. But a greater 
number, in the opinion of the author, for reasons al- 
ready given, is not to be recommended. 

DouBLB Chord. 

CXXV. To obviate the difficulty attending the use 
of the multiplex chord, consisting of many links in a 
panel, we may make use of what may be distinguished 
as a Double Chord. 

We have seen [lvi], that in double cancelated trusses 
with vertical members, there are two independent sets 
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rdiftgotiJiU iiiid verticals, which have no iuterchange 
F actiou hetwiicu one another. Vow, each of these 
tts may have ita own lower chord, aUo acting iiide- 
endoDtly, each of the other, but uniting Kt the same 
pint at tbo foot of the king brucs, which ia coioraoii 
> both seta of web members. 

In euch case, the two chorda (which we rany call sub- 
\or(U), may be one above the other, and oonipoaod of 
nka or eye-burs, extending horizontally ncrosR two 

moU; the links or bars of one sub-chord cnnnectitig 
ppoAito the centre of those in tlie other, and the up- 
gbts in one set, being as much longer than tlioso in 
le oUier, »s the distance, vertically, between the uyt- 
»r and lower sub-chords. 

By this means, about one-half of the extra mnteriul 

J chord connections would be sared ; and a more uni- 

1 9tres:< upon the chord bars secured, than would 

B practicable, even with 4 links acting upon one cim- 

etiDg pin, 

Dbtacuek, and Cosceete Plass of Cosstrl'ctios. 
0X5VI. It) the plan of Trapezoidnl truss had under 
mnduration in the last few preceding sections, the 
iTGral members are formed io separate pieces, to be 
'ecUtil ia place, and connected by screws, bolts, con- 
vcting piuK, &c,, as the parts of wooden bridges and 
ailJing frnmeB are ereoted, after being framed and 
raparod, each for its particular place. 
There is another mode of construction, in which 
lambers and parts of members are permanently riveted 
fgetber in plact ; or, in -case of small bridges, the 
rhot« structure is permanently put together at the 
iDofiictory, and transported by water or rail to the 
M of oroclion and use. The former of these may 
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be called the detached^ and the latter, the concrete mode 
of construction. 

The detached plan is probably the best adapted to 
wrought and cast iron bridges, and also, at least, equally 
adapted to bridges entirely, or essentially constructed 
of wrought iron, when vertical thrust uprights are em- 
ployed. 

But it can hardly be regarded as advisable to con- 
struct iron bridges with independent members, without 
thrust verticals. For, although as we have seen, [xlviJ 
the latter plan shows a trifle less action upon the ma- 
terial than the plan wifh verticals, the oblique thrust 
members in the web, are 40 or 50 per cent longer (ao- 
cording to inclination), as well as being in greater 
number, and sustaining less average action to the piece. 

The 7 panel truss, Fig. 12, has 4 compression verti- 
cals, liable to an average action of 8w'^ ; while truaa 
Fig. 13, has not less than 6 diagonals, liable to an 
average compression of iio'' %/2 (when the inclination 
is 45°), equal to 5.65it?". In the moan time, these 
members being over 40 per cent longer, and sustain- 
ing only about the same aggregate amount of action, 
can not be so economically proportioned to perform 
their required labor, when acting independently, as 
the fewer and shorter uprights. 

IStili, the Trapezoid with individual members is 
practicable, probably with about the same economy of 
material without verticals as with them ; and, if it be 
deemed expedient to adopt the former, the modes of 
forming and connecting the various parts may be so 
nearly like those already described for the latter, that 
particular specifications will not be given in this place. 

The essential conditions to be observed, are, besides 
proportioning the parts to the kind and degree of strain 
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J which they may be exposed, to aee that the forma 
of diagoQals liable to compresriivo action, be made 
capable of withatandini; sucli action, according tn the 
table of negative resialanccB [xcill] ; aud, tbiit those 
liable to a change of nctioii from tension to comiires- 
sioii, and the contrary, be formed and connected in auch 
jiuer as to enable tliem to act in both directions. 



F CSSVII. In the concrete, or rivet work plan of 

nstruction, the Tmpczoid without verticals may, it 

thoDght, be generally adopted with advantnge. 

ffpon this branch of the subject, however, but little of 

tail will be attempted at thia time, the anthor having 

] very little direct practical experience in the pre- 

hUee, 

I The first point to be attended to, of course, as in all 
» of bridge construction, is, to arrange the general 
^Otltline and proportions of the truss ; that is, the num- 
ber of panels, and deptli of truss auitublo fur the par- 
ticular case in hand. This being done, the amonnt 
•ltd kind of force, whether thrust or tension, to which 
each partis liable, should be determined; for which 
parpoM, the value of ic, and of w' (the variable and 
oonstADl panel load for the truss], mii»t be assumed, or 
ntintatcil acconling to the best duta at command ; 
vbeo the stresses of the aeveral pjirls are readily ob- 
Uiied by process already explained; [xliv, Ac,]. 
f We are then prepared to assign the reqniaite cross- 
Btion to each pari, and to adopt a auitablo form of 
V or combination of burs and plates, for each mem- 
^. Thrust members will usually (if long), be formed 
'Vral parts, mostly fiat plates, angle iron, T iron. 
1 channel iron, united hy riveting in such form of 
•■section aa may give tho largest diameter pracli' 
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cable without too much attenuation of the thicknen 
of material, a point upon which no certain rules cm be 
given. 

Flat plates, when connected by riveting at the edges, 
may be of a width of 30 to 40 times the thickness per- 
haps, without liability to <^ buckle" under reasonable 
compression. When riveted along the centre, a width 
of 12 to 20 times the thickness, will be in better pro- 
portion. 

Upper Chord. 

CXXVni. A good upper chord may be made in 
rectangular, or box form, of flat plates and angle iron; 
or, for small bridges, of channel iron, with flanges 
either inward or outward, upon the two vertical sidei, 
with flat plates upon upper and undersides ; the upper 
riveted, and the lower one either riveted, or pot on 
with screws, tapped into the lower flanges of the 
channel bars. 

The upper plate, when flanges turn inward, nay 
project half an inch, or an inch, and the lower ooe* 
come even with the sides. The channel bars sbonld 
meet at the nodes, or connecting points, and a splioo 
plate covering the joint may project below the chord 
far enough to form a connection with diagonals by 
riveting. (Fig. 44). 

Diagonals acting by tension only, may be plaio flAt 
bars of width from 8 to 10 times the thickness. Those 
acting by thrust principally, may be of T iron with 
short diagonal bars riveted to the mid rib, {e Fig. 4t)i 
giving a width corresponding with that of the upp^ 
chord, or with the space between tension diagooalif 
BO that the latter may be riveted to the cross-plate of 
the T iron at the crossings, to give lateral support to 




Diagonals acting by both tbrnst and tension, sbould 
e formed and connected with reference to the forces 
!iey are liable to. 

For small bridges, small pinin I bars may be used 
IT thrust diagonals with advantage. 

In all eases of tenmon, rivets should be so arranged 
'hen practicahte, as to leave all the section availnble, 
sMpt the diameter of a single rivet hole; that is, 
o Hctinn through two or more holes, inclading the 
Da brthe«>t from the end, e)ionld have less area thna 
•qaBTA sectiou through one hole, [cxvii. Fig. 31.] 

In Fig. 44, a, a. kc, represent tension diagonals, of 
bin flat bars, wilh cross-section proportioned to the 
tens ill each ease; 6,ft — tbrnst diagonals of T irou 
ud ahort diagonal plates, as seen at « ; c, e, the upper, 
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and (f, the lower chord ; the dotted line J, shows the 
meeting of lower chord plates, about 4 inches toward 
the abutment from the point of meeting of the several 
centres of chord and diagonals. The side plates of up- 
per chord may meet at the centre of the node, or con- 
necting point. 

The upper splice plates are of irregular form (or, they 
may be cut on a regular slant from upper to lower 
angle), but such as to cut without waste of iron. They 
may be clipped out upon the under side, as by the 
curved line, or not, as may be preferred. 

The lower splice plates may be rectangular, and of 
such length and width as to admit of a sufficient num. 
ber of rivets, properly arranged, to be equal in strength 
to the net section of chord plate and diagonals. 

It is scarcQiy necessary to repeat, that rivet section 
connecting two thicknesses of plate only, should exceed 
the net section of plate by as much as the direct tensile 
strength exceeds the shear-strength of iron. 

Lower Chord. 

CXXIX. The following plan of a flat plate bottom 
chord adapted to a connection of diagonals by connect- 
ing pins, is transcribed from the author's former work ; 
and, by widening the splice plates, as in Fig. 44, is 
equally adapted to the concrete mode of construction ; 
L e., by rivet work. 

The plan contemplates each half-chord as composed 
of two courses of plates (except near the ends); spliced 
alternately, one at each node so as to ^^ break joints.'' 
The two half chords are to be placed at such distance 
apart as to accommodate the connections with dia- 
gonals, and with uprights, when used in connection 
witt uprights. 
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For a IG panel truss, aa arranged in Figmea 18 ami 
19. Suppose w «■ i^rti{m representing l.OOOfb^.} ; w' =■ 
4m, an J W =■ 16*m, = w + lo' ; — diagonals (except tlio 
•tenp ones), iticlining 45°. 

The end brace, then, sustaining VJW = I20m, [lvi], 
produces tension equal to 60m, upon tbo first and 

jond HectioQ of chord, in Fig. 18, the proportions for 
which will be here considered. Allowing then, 10/n 
tothosquarc inch, each half chord requires u plate of 
•bout 8" bji^'g", up to the aocoud node from the end. 

This plate may extend — aay within 8" of the centro 
fot'the connecting pin at the 2d node, where it may ho 

>nnected with a J" plate, by two splice-platea about 
87" long (see A. Fig. 45}. with a net section equal to 
tiie ,'," plate, or, say i" thick. Fig. 45, exhibits a 
dUpositiou of rivet and pin holes, at A^ so arranged as 
i preserve tlie full section of plates, less the diameter 
Df a single 1" rivet hole. • 

Or,the splice-plates maybe 7" shorter, and J thicker, 
ind the two rivets next the joint (J), on either side, 
apposite one another, as at BB, Fig. 45 ; thus giving 
dio same section (of splice-plates), through two opposite 
rivets in the thicker, as through one rivet in thinner 
Mid longer splice plates. In this case.the Joint should 
B 4J" from centre of connecting pin {p}, and a little 
nore, when the rivets exceed 1" in diameter. 

At the third node, an increase of section is required, 
ftnd A I" plate may be added on the inside, lapping 9 
W 10 inches hack of the pin, with a ^" splice plate of 

i B pattern to balance the extra inch in width re- 
paired for opposite rivet holes, and a 2" pin hole. 

Tho inside plate continuing past the next, or 4th 
kode, the g" outside plate may be met by, and spliced 
IP a{" plato, in either of the modes indicated by A aud 



2^2 Bridge Builbisg. 

B, Fi^. 45. On plan B, the outside splice plate should 
be at lea;»t i" thick, and the inside one, j*q'\ In this, 
as in other cases where a thinner plate meets a thicker 
one, the former is to be furred out to the thickness of 
the latter. 

At the 5th node, the outside plate may continue, 
while the inside one is succeeded by a f plate, with a 
}'' splice-plate inside, and one of j*«'' thickness upon 
the outside ; splice-plates in all cases being intended 
to be upon the outside, and not between the two courses 
of plates forming the half chord. 

The same general process being continued, each 
course being spliced at alternate nodes, and breaking 
joints with one another, we introduce in the outside 
course, a 1" plate from the 6th node to the centre 
of the chord, and a }" plate from the 7th node, past 
the centre to the 9th node, and so on, with a reversed 
onler of succession to the other end of the chord. 

The two 1" plates in the outside course, should meet 
at the centre connecting pin, and all other joints should 
be a few inches from the pin, on the side toward the 
end of the chord, as in diagram. Fig. 45. 

Fio. 45. 
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Each pair of splice plates should have a minimum 
net section, together with the net section of the con- 
tinued plate, at least equal to the sections of the con- 
tinued, and the thinner spliced plate, through one of 
the smaller rivets used in the splice ; and the relativ 
thickness of the two splice plates should, as nearl 
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as practicable, be inversely as the respective distances 
of their centres from the centre of the spliced plate. 

For illustration ; at the 6th node, the continuous 
plate is y\ and the thinner spliced plate \'\ making in 
the two, a thickness of \\'\ by T' for the net width ; 
giving a section of 10} square inches. This splice re- 
qniriug 1^" rivets next the joint, to give the necessary 
rivet section, the net width of splice phites and con- 
tinuous plate through two opposite 1 J" rivets, is only 
6|''. Conaequently, the aggregate thickness required 
to give 10} square inches, is about 1.91'' ; and, deduct- 
ing 0.625" for the continuous plate, we have 1.285" 
for thickness of the two splice-plates. 

Then, representing thickness of spliced plate by a 
(disregarding the furring plate, or including it in the 
quantity a), that of the continuous plate by 6, that of 
the two splice-plates by c, and that of the thicker one 
by a:; we form the following equation, as will be ob- 
vious on reference to Fig. 46, which is an edge view 
of splice at node 6. 

zx\ (a+x) « (c — x) X (6+1 (d+c — x) ; whence, the 
formula x « c x {a+2b+c) h- 2 (a+b+c). 

This formula applied to the case represented in Fig. 
46, gives X — 0.7804", and c—x = 0.5046". 

Fio. 46 




The letter a in the diagram shows the splicing of a 
1" with a I" plate, the thickness being equalized by a 
furring plate. 

Figure 46 gives also, h, general idea of the splices pro- 
posed for this kind of chord, in case of the adoption of 

3d 
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the short splice plates and opposite rivets, as seen at 
BB, Fig, 45, p indicates the connecting pin (which, in 
the concrete plan of construction should be replaced 
by two opposite rivets, as seen in Fig. 44), having a 
cross-section in the parts passing through the chord 
plates, about equal to that of one of the two main dia- 
gonals connecting with each pin respectively, at the 
several nodes. 

The body of the pin between chord plates, should 
have lateral stiffness enough to withstand the stress 
produced by diagonals horizontally, estimated upon 
the principles of the lever, which will be greater as the 
distance of diagonals from chord plates is greater, and 
the contrary. If the bearing of the upright upon the 
pin be between the diagonals and the chord plates, as 
by a bi-furcation lik^ that at the upper chord (see a 
Fig. 38) the bo<ly of the pin will usually require a 
section about equal to that of the two main diagonals 
connected with it. But this is no.certain rule. 

The ends of the connecting pin should extend through 
the chord plates so as to receive a thin nut upon each 
end, and also the eyes of sway rods upon the inside 
end, in case that mode of connection be adopted for 
those parts. 

In the case of trusses without verticals constructed 
in rivet work, the best balanced action will be secure 
by oonneoting diagonals between the splice plates, 1 
means of rivets thrtmgh both, thus bringing each dia — 
gi>nal bar directly over each half chord, and ])roducin 
uniform stn^ss, as nearly as is practicable. When di 
gi>nul bars do not fill the space between splice-pla 
the dotioienoy may be made up by furring plates, < 
thimble rings. 
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ToiisioD (liagoimU will asuallj require from 25 to 33 
fterceiit of extra Nectiou to make up the loss iu rivet 
lioles. Ill tlirust diagonals, no allowance need gene- 
iily be made for rivet hoiea, as rivets proi>erly distn- 
^nted, will not impair the efiicieucy of the member in 
irillislutiding compreasion. 

With regard to the relative merits of thia kind of 
ower choni, it retjuirea, iu the proportions above us- 
mmed, namely, 8" width of phitea and 1" diamolor of 
the smaller rivets, about 14 per cent of extra section 
lOn account of rivet holes, through the whole length. 
3For 8{djce plates and rivets, at least an equal amount 
ihoald be allowed, making 29 per cent for waste ma- 
erinl, over and above the net available length and 
^e»-8ection. The corresponding waste in the link 
ibonl, and in the eye-plate chord [cxiv], can scarcely 
txceed 10 per cent, when ttie connections are made 
vith wrought iron pins. 

Hence, the advantage as to economy of material, 
leems decidedly in favor of the latter plans; and the 
lost of manufacture can hardly be estimated in favor 
rt'the former. IS the riveted chord, then, have any 
iltiiu to likvor and preference, it is mostly owing to 
9ie fact, that being manufactured cold, it escapes the 
UtcriorotiTig effects frequently resulting to iron in the 
process of forging and welding, and the risk of flaws, 
Ui'l imperfect cohesion of the welded surfaces. 

How far this conttideration should he regarded ae an 
)ffitet, or an overbalance to 15 or 20 per cent, of ma- 
teriul loat in rivet holes and splices, further experience 
■bid obvervatiou alone can probably determine. 
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Sway Bracinq. 

CXXX. The primary and essential purpose of a 
bridge is, to withstand vertical forces which are certain, 
and, to a large extent, determinate in amount. We 
can estimate nearly the weight of a train of rail road 
cars, a drove of cattle, or a crowd of people ; and the 
amount of material required to sustain them. 

But the lateral, or transverse forces to which a 
bridge superstructure is liable, are of a casual nature, 
depending upon conditions of which we have only a 
vague and general knowledge ; and, can not predeter- 
mine their effects with any considerable degree of 
certainty. 

We know full well from experience, that it is always 
expedient to provide every bridge superstructure with 
means of support against transverse horizontal forces ; 
and we introduce certain parts and members for that 
express purpose. These have been frequently alluded 
to heretofore in this work, under the designation of 
sway rods, lateral tieSj or lateral braces. But no attempt 
has ever been made, to the author's knowledge, to 
point out the proper sizes and proportions of such 
members, upon any determinate principles or data. 

In this respect, reliance has mostly been placed upon 
"judgment," and general observation as to precedent 
and common practice ; as was the case in fact, with 
regard to bridge construction generally, until within 
the last twenty-five or thirty years. Within this 
period, and since the extensive use of iron in bridge 
construction has been introduced, more attention has 
been given to scientific principles, in adjusting the pro- 
portions of the several parts and members designed to 
withstand the effects of vertical pressure. 
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The inoileni bridge builder, il' he ha3 been properly 
educatet] for his biisiDesa, having arranged the outhiie 
if bis truss, makes his coiopiUaiioiia, and marks upon 
pacb line of his diagram, so many tbousanJ pounds of 
tension upon this, so many tons of compression upou 
)Uiat, and so maob shear strain, or lateral strain upon 
9acb rivet, connecting pin, or beam, and assigns to 
•ach place a member containing such an amount, and 
snch a kind of material, as experience lias proved to 
« sufficient to sustain the given stress ivith safely. 
Tboa far, his course is scientific and sensible. But in 
rranging bis system for securing lateral stability and 
leodiness, science can lend bim but Ittttc assistance. 
He knows the n'ind will blow against the side of hia 
tractare; but whether with a maximum furce of one 
LUndred pounds, or as mauy thousands, bo has no 
ueans of knowing with any eoiisiderablo degree of 
ertainty, or probability. 

He knows, furthermore, that every deviation from a 
ttroight line by a body passing over and upim n bridge, 
hron to cbimging the weight of a pedestrian from one 
bot to the other (unless his steps bo dirootly in front 
)f one another, and this could hardly form an exccp- 
ion], is attetided by more or less tendency to lateral 
iwaying of the structure. 

Every inequality in the lino of a rail road track, 
IfttArally or vertically, unless both rails have precisely 
IllO sarno vertical deviation, produces a transverse mo- 
^Q in the centre of gravity of the load, and conse- 
.qnently a lateral sway in the structure. The passage 
of a carriage wheel over a stick or a pebble, raising 
ne wheel above the opposite one, changes the centre 
f grarity of the load to the right or left, and impels 
lie strncture in the opposite direction. 
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ridges depends. But, jailging from eKperieiica and 
iMervittion, it may be recommended thut iron sway- 
Dda be made of iron not less than J inch in diameter, 
tr bridgps of five panela or under, J inch from aix to 
90 panelH, inclusive. For twelve and fourteen paneU, 
Inch for ten middle panels, and J inch for tlie rest ; 
bd, for eixteen the same as last above, with the ad- 
Ition of a pair of 1 inch roda in the end panels. 
These are the least dimenslona recommended (in all 
ises exclusive of screw thread), for ordinary bridges 
ith panuls not much exceeding 10 feet. For panels 
[iproaching or exceeding 12 feet, J inch may properly 
be added to the above specified diameters generally. 

If upper Bivny roda connect in the middle of crosa- 
itrata, with ii longitudinal reach acrusa two punels, [see 
XX, and Figs. 38 and 39], they may safety be made 
tmdler than when they cross one panel only. 
The action of wind is nearly a uniform pressure from 
Dtl 10 end of the structure, and causes much the same 
ruj^resaive increase of stress upon sway-rods, as the 
'eight of structure and uniform load produces upon 
|ia|(onaIa in the trusses — a fact which was recognized 
I iusigning larger sway-rods at and near the ends of 
ipg tridgea. But the casual impulses resulting from 
kevenucss in track or platform, giving slight lateral 
ovement to passing loads, and acting at single points 
ire aad tlicre, tliis way and that, do not produce an 
leoniulalion of effect toward the ends. Hence, as it 
^rds withstanding the latter forces, no variation in 
sea of ewiiy-rods is required. 

CXXXI. Sway-rods acting by tension would ob- 
ioosly draw the opposite chords toward one another, 
at for the rcsietauce of transverse beams or struts, 
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while they also exert a longitudinal action npon the 
chords, tlierebj increasing or diminishing the stress 
npon chords, due to the action of structure and load. 
Chords, however, are usually proportioned without 
provision for increase of stress liable to accrue from 
action of sway-rods; and, from the small sizes of the 
latter, as compared with the former, and the obliquity 
of their action, seldom expending more than half their 
direct stress upon the chords longitudinally, this small 
action may be neglected, as forming one of the con- 
tingencies for which a large surplus of material is al- 
ways provided in chords, over what is actually required 
to withstand the effects of any probable vertical action. 

Certain modes of inserting and connecting sway-rods 
have been previously alluded to, sometimes with the 
beams by means of eyes and bolts [cviii. Figs. SI 
and 33], and sometimes more directly with the chords 
[cxix. Pig. 35, rf, and Fig. 39, e/.] 

The best connection is that which gives the nearest 
approximation to central and uniform action upon all 
parts of the chord, and also of the beam or strut. The 
plan described in section oxx, and seen in Fig. 37, when 
admissible, affords a good connection for bottom sway 
rods. 

Undoubtedly there may be better devices for the 
purpose under consideration, as well as for other de- 
tails, than any that have occurred to the author. But 
such as are herein described have mostly been put in 
successful practice, and are thought not to be seriously 
foulty. 
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COMPARISON OF DIFFERENT PLANS OF 
IRON TRUSS BRIDGES. 

L CXXXII. It 19 the purpose of thia chapter to cao- 
i the relative merits of ranat of the several syatema 
If IfiOx Bf<ll>OK TiilTSSiNG, which have claimed and re- 
vived more or less of public notice and approval during 
B last few ^'ears ; and of which the distinctive prinei- 
B hftve alroudy been discussed in preceding pages; 
boDgh not in the precise combiuations here about to 
B presented. 

\ 'VV'o may take the number, lengths and stresses (the 
ptlor governing principally the required cross-eectiona), 
rthe several long pieces or members of the trues, in 
B manner employed in the fore part of thia work, as 
lotting a near criterion of the comparative cost and 
iOtioiuy of the bridges respectively. Then, after re- 
ireiKW to ancli peculiarities as may seem advantageous 
t otherwise, leave the reader to his own conclusions 
I regard to the relative merits. 

Tgs Bollmak Truss, Fio. 47, 
lis fbandfid upon the general principle discasaed in 
tiODS xxtl and xxiit, with oblique tension roda, and 
I tbmst upper chord, in place of the thrust braces and 
■laion lower chord as represented in Pig. 9. 
I Let Fig. 47, represent a truss 15' high, and 100' long; 
^ ID the proportion of 1 to 63- Also, let w represent 
i maximum vanablo load for each of the points e, d, 
l«tc., and w' (say,— Jw), the permanent weight of 
■e panel of superstructure, supposed to be constantly 
ring at each of said points. Then making W — 
Ixw', we have JW ■» weight sustained by ac. 
31 
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BOLL»AK TrCSS, 



The thrust of the cliord al, equals the Iiorizonta. 
iction of the 7 obliqiiog (.-ounected with cithur end. 
.aking then x ™ J W, and A =■ Af, -• Jit, it U obvious 
lat each oblique carriea weight equal [» X X the number 
f pfluela not crosrted by it, while ila horizontal reach 
'i X the number of panels it does cross. Ileiice^ 
lie horizontal dWi'imofeacli oblique, equuls/u; X tliepro* 
t of the numbers of pauela at ihi; right uud lolt 
Hpectively, of the lower end of the oblique. 

s compresBive force acting from end to eni], upon 

!, then, must be equal to Ax (7, + 2x0, + 3x5, + 4'+ 

I, + 6x2, + 7), - 84Ax, - lOjWxO.833, = 8.7&\V. 

Multiplying stress by length, and substituting M, we 

Mvc6.75x 6.66M o^^ijM = material required in <r/, at a 

n stress persquare inch ofeross-seclion ; M beinglhe 

nnt required for a unit of length {ah), to sustain 

D unit of weight (\H'), at the same rate of stress. 

1 7M for two end posts, with length equal to 1 
1 bearing weight equal to 7W, and we obtain 65JM 
1 total for thrust materiul in long pieces, not includ- 
f 7 intermediate uprights, not properly to be <I«8> 
d with other parts, as their action is merely iniidontal, 
t thnt of supporting the weight of upper chord. 
> parts above considered, mainly determine the 
icter of the truss ua to economy of material. 
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Other parts, such as short bolts, nuts, coDnectrngping, 
&c., although just as essential, are comparatively, of 
small amount and cost, except the intermediate op- 
rights, which will be referred to hereafter. 

If the truss be used in a deck bridge, and the end 
posts be replaced with masonry, the intermediates 
will sustain the same weight as the ends sustain in a 
through bridge, thus giving the same representative of 
material as above found. 

The Pinck Truss, Fig. 48, 

CXXXIII. Possesses several of the characteristica 
which distinguish the Bollman plan. Both dispense 
with the bottom chord, which is common to most, i^ 
not all other plans of truss, for both iron and wood^^^ 
bridges. Both also employ a pair of tension obliqu^ 
acting ill horizontal antagonism to each other, at eac^^ 
of the supporting points c, d, e, &c. But while in tfcie 
one, the members of each pair of obliques are of eqia ^^ 
length and tension, in the other, the p^irs consist ^^ 
unequal members (except at the centre), as the d^Lft- 
grams will sufficiently illustrate. 

It will readily be seen that Fig. 48 exhibits thiK— e« 
classes of obliques, consisting respectively of 2, 4, an-^JS 
members tothe class. Supposingatrussof the same di- 
mensions and proportions, and subjected to the sa^ nn© 
load, as in case of Fig. 47, and using the same notatm^ on, 
as far as applicable; it is manifest that each of tbrn^e 8 
short obliques, sustains JW. The 4 next longer ibo«" 
tain upon each, a weight equal to W - one half dire^stlf, 
and the other, through the short obliques and upn^ltB, 
The two long obliques sustain 2W each, being the lalf 
of IW, received directly at/, and 1 and 2 respectm/y 
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throQgb the upright, from members of the other classes, 
meeting at the point p. 

The material required for all the obliques, then, {ab 
being — 1, and be = A), is 8 x J(A^+ l)+4xl(4A* + 

1) + 2 X 2 (1()A* + 1)M, being the number of pieces in 
each class multiplied by co-efficients of W in weightg 
sustained, and by squares of length respectively, and 
the sum of products multiplied by M. 

Subsituting in the above expression the value of A^ 
(0.694), and, reducing and adding terms, we derive 
material in obliques » 70.296 M. 



Fio. 48. 
FiNCK Truss. 
q p 
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The compression upon the chord a 2, is equal to the 
horizontal action of one member of each class of ob- 
liques, communicated at each end ; that is, equal to 
(J A + 2A + 8A)W, « 10 J A W ; and, multiplying by 
length ( «■ 6.66), and substituting 0.833 for A, and M 
for W, we have (10.5 x .833 x 6.66)m = 58.} M, to re- 
present the material required in al; — the same as in 
case of Fig. 47. 

The uprights of the Finck truss obviously sustain 
12W, namely, 8} at each end, 3 in the middle, and 1 
at each of the quarterings, r and n. But, in comparing 
this with the Bollman truss, it seems fair to offset 6 up- 
rights, not including the end and centre ones, in the 
lElack, against 7 in the Bollman truss not estimated ; 
has leaving lOM for uprights in the former, making 
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a total of 68|M, for compresAion material, excepting 
the 6 intermediate uprights, excluded as above. 

Both of the above considered trusses exhibit a beau- 
tiful simplicity, and facility of comprehension in prin- 
ciple, and they will be left for the present, for a 
discussion of the 

Post Truss. 

CXXXrV. This, like the two preceding plans, is 
designated by the name of its distinguished designer 
and publisher, S. S. Post, Esqr., of Jersey City. 

Fig, 49 gives a general view of the only specimen 
of this truss which the author has had an opportunity 
of examining. It is a sort of compromise between the 
trusses represented by Figs. 18 and 19, of which the 
object sought appears to have been, to obtain a nearer 
approximation to the most economical angle of incli- 
nation for both thrust and tension members (between 
chord and chord), by inclining the latter at an angle 
of 45^, and the former at a less angle with the vertical. 
These are both favorable conditions, considered alone 
and by themselves, as we have already seen [lxv and 
Lxvi] ; and it is proposed to compare the economy of 
this particular arrangement, with that of a truss having 
vertical posts, with oblique tension diagonals ; as well 
as with other plans, preceding and succeeding. 

Assuming the same length and depth of truss, and 
the same load, both constant and variable, as in the 
preceding cases, acting at the points x, t?, u, &c., let to 
represent the greatest variable load for the length of 
one panel, and w' the weight of superstructure bearing 
upon one truss, for the same length, supposed to be 
concentrated at the nodes of the lower chord, and as- 
sumed to be^ equal to iw. Also, let 1 equal the verti 
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licptb of tru83 {between ceutrea ofclionis), aud let 



insion dmgonale iacline 45°, and posts 1< 
lily to 3 verticully ; the epace Itetwci 
o-tbirds of the depth of trues. 

Fio. 49. 

Mr. Post's Truss 



1 borizon- 
podts being 



TIP 

Tlien, omitting coanter ties up to if, from the left, 
neatralizcd by weight of structure ; we see that the 
reigbt at r, being only ( as great as at the other nodes, 
1 account of the sliort space xy, 8w -t- 80 (op 8w", 
ibstituting for the occasion, w" for w -*- 80), represents 
10 proportionate part of that weight, tetiding lo bosT 
poll the abutment at m; and this, with 12w" for 
■eight at v, and SOio" for weiglit at «, + i'^i'" Uir 
«iglit at/, makes 63w" accamuluted upon If, when 
, p, u and t alone are loaded. 

Now, the action upon this truss is less certain and 
Bterminate than where the thrust pieces are vertical, 
r inclined eqnaliy with the tension pieces. But sup- 
ng that the weight of superstructure at s, or at « 
nd r together, neutralizes, or reflects buck a part 
qnal to vf, or J80ic", — 27i«" nearly, of this 63ir", we 
■re «balauce ofSeiw", as the maximum weight for tf. 

Then, whether this 63(c"' which must go to the 

■Tkbi full amnaiit S3v" la osed ben) : Tur. Blth<]u»1i ii i« amumnl 
■I onI/ a pan oftt In Iniwnilttxd tliManh tf. IW biitiinru 1« n»intvd 
HH ««)|tUl at MTUGtam wliicli olliprwiec woald |*f« la the abuUnnni 
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abutment at m, in virtue of the loads at Xy 9, u and t^ 
i8 transferred through/? to sg, or through/r to rA ; or 
whether it is divided equally or unequally betw^een the 
two, is not quite obvious. But assuming, as what 
might seem probable, that it is transferred in equal 
portions to sg and rA, in that case, sg sustains as a maxi- 
mum, 36?i?" for weight at 5, + half of 63i^'\ making — 
say 67w'' ; supposing that sg and re sustain none of the 
weight of structure; which, though probably not 
strictly true, will not materially affect the result. 

Again, (we are now considering the nodes at the 
lower chord as being loaded successively from left to 
right), the weight at r gives 44m7" to rA, in addition to, 
say 32?^" tending to be transmitted from (/", and w\ or 
27i^' for structure, making 103u/'. 

For maximum weight on iq^ there is due to movable 
weight at q, 52m7", + 67m?" from sg, +27ic" on account 
of weight of structure, making 146?(?"; while pk sus- 
tains (60+103+'27)?(?", = 190m?", awdol sustains (68+ 
146+27)m?" = 241". The maximum weight upon nly is 
made up of that ofpk + i {w+w') at n, =» 270m;". 

Having thus determined the maximum weights 
which these diagonals are respectively required to sus- 
tain, disregarding some small matters of uncertainty, 
of little practical importance, we find the sum of these 
maxima, for the 6 pieces parallel with ue on the right, 
to be 783m?", = 9.7875m?. Then, multiplying by 2 (the 
square of the common length, ay being » l)^ and sub- 
stituting m' for M? ( as M was substituted for W in the 
preceding cases), we derive 19.675m' »= material re- 
quired for the 6 pieces in question. Add to the last 
amount 3.7m' for the steep diagonal wf (being the square 
of length by weight sustained, and w changed to m') ; 
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id we have the whole material for tctision obliques 

the half trues: which doubled, exliihiral'or thatclasB 
f members in the whole truss, 4G.55m'; oiuittiug 6 
Duiiler ties, not required to sustnin sirui-ture or loud, 
Dd the value of which will be considered (in geueral) 
eroHFter under the head of counter brucing. 

The short section mn of the lower chord, baa no de- 
irmiuato action. The section no has a tension equal 
> i of the weight acting on »l and kn, under a full 
>a(J of ibe truss, equal to J the weights upon r, p and 
, for 7il, and ^ of those at r and p for An ; the whole 
5U«1 to 1 X2i {w+w'}+i x2 [u!+w'), = 2.11ifl. 

To this, the dingnnal ol uilds at o, 2 {w+w"), and to 
3da J(ic+io'), making 5.22ir — lensi'in of op; while 

tike addition at p, for the action of pk iind hp, shows 
,83w for pi}. Again, qi adds at q, w-i-w', equal to 
,8Sir. wliile rh eontributes a like amount at r; mak- 
kg for i/r and rs reai'ectivelj', a tension of 9.66ir, and 
|tf, restoring neglected fractions. 

It is prubable that a small decussation of forces 
iroagli re and sif, under a full load of the truss, would 
ify these sCresses slightly, hut not so as to produce 
muterial diS'erence in the liiial results of the present 
bcusaion. 

Summing up the stresses thus determined for differ- 
jt portion of the lower chord, counting like strains 
poll corresponding sections, and deducing the ro< 
lired material (as^ubove done with regard to dia- 
WaU), romotnburing that the length of seclionsequals 

of unity, we obtain 41.1m' = material required in 
iwer chord. TJiis added to 46,66m', the amount abovo 
Itarrained for obliques, gives tension material for the 
bolt truss, equals to 87-65m'. 



32 
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Now, it is mauifest that the quantity here representee! 
by M^, has the same ratio to that denoted by M in the 
estimates of material for trusses Fig. 47 and Fig. 48, as 
the weight w in the former case has to the weight W 
in the latter. But W was used to express | of the 
gross load of the truss, while w represents only j\ of 
the variable^ assumed to be equal to f of the gross load. 
Therefore lo :W : : ix^j^ :\; whence, w =■ 0.6W ; 
and m' = .6M. This equivalent substituted in the ex- 
pression 87.65m', gives 52.59M «■ tension material for 
the post truss. 

The maximum weights sustained by the thrust 
braces, equal respectively those borne by the tension 
rods communicating such weights, and for the 5 pieces 
on either side of the centre, the amount is equal to w" 
X (36+67 + 103 + 146+ 190) = 6.77m?, which doubled, 
gives 18.54m? for the whole of that class of members. 
This aggregate weight, multiplied by the square of the 
common length of pieces (1.11), with w changed to m' 
produces 1 5.02m', =» 9.01M. 

The end section {kl) of the upper chord, sustains 
compression equal to the weight upon ol and J of that 
upon nl, under a full load of the truss, « 2 (w+u?'), 
+ Jx2f {w+w'), = 3.88m?. Add 2 {w+w') for weight 
on pkj and ^ of that amount for that on kriy and it 
makes a compression of 7.44w upon ki. 

Again, adding lo+w^ ( =« 1.33m?) for action of yi, and 
^ of the satne for that of 20, make^ 9.22m? for compres- 
sion of ih, while a like addition for action of rA and Ap, 
makes 10.99m7 = compression of hg and gf. We may 
call the last stress 11m?, as some fractions have been 
neglected. 

The above amounts of stress upon the several sec- 
tions of the half chord, added together and doubled to 



iprescnt llie whole chord, and multipliei] by the length 
■ section (J), praJuce 66.72«!.= 3i.03W ; whence, 
titeriul for top choid = 34M ; very nearly. 
The two end posts obviously sustaiu the gross load 
' the truaa (deducting what comes upon one half of 
le short spaces nin and xy), which equals 9J(ir + 
), — I2.66w; aud, the length being 1, the material 
[iial« li6SM'=-7.6M. 

Samming up the amounts thus determined, of mate- 
b1 fortlie several classes of thrust pieces, wo have: 

For Braces, or inclii>ed posts 9.01M. 

" Upper Chord, 34.00M. 

" End Posts, 7.60M. 
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Total, for Thrust, 50,6lM. 

" " Tension 62.68M. 

WiriprLK's Trapezoidal Truss. 

CXXXV. The distinctive characteristics of this plan 
«, an Upper Chord made shorter than the Lower, 
r the width of one panel at each end, giving to the 
nra B Trapezoidal form — diapensing with uon- 
•ential members, and proportioning the several parts 

strict accordance with the maximum streeaes to 
bioh they are respectively liable ; principles and de- 
sea first promulgated in the original edition of this 
>rk, and applied by its author in the constrnction of 
Vtaea with parallel chords, with or without vertical 
smborB. 

Fig. 50 has vertical poets and tension dia- 
aU; and, using w aud w' to denote the same qnan- 
in the last preceding case, and pursuing the 

ithod expluined with reference to Fig, 18, [lvi], wo 

« the maxironm load for S/a etjual to iw" — ^iif 
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(making w" — w divided by the number of panels =■ 
0.1m?), = .4m? — JM?, since w' ■» \\d. For 4/6, we have 
•6m?, without increase or diminution on account of 
structure ; while, for the 3 next diagonals on the right, 
we have successively^.OM? + \w\ 1.2m? + m?' and 1.6m? + 
IjM?', making altogether 8.7m? + 3m?', — 4.7m? ; showing 
for the 5 pieces, 5.53m?. This being doubled and mul- 
tiplied by square of length (2.775), and m? changed to 
M^, gives material for 10 long diagonals » 80.69m^ 



FiQ. 50. 

12 8 4 5 6 

1 2 4 6 9 12 



7 8 9 
16 20 25 




The two Bteep diagonals togther, sustain 4 (m? + 
w'\ ■= 5Jm?, which, multiplied by square of length 
(1.44), produces material = 7.68m' ; while the two ten- 
sion uprights manifestly require 2f m'. We have con- 
sequently, material for the system of tension obliques 
and verticals = 41.08m'. 

The end brace obviously sustains 4J (m? + u?'), and 
exerts a horizontal stress = 4m? (two-thirds of th§ weight 
borne), upon the two first sections of the lower chord. 
The steep tension oblique adds \ of weight borne, mak- 
ing 5.76m? for the next section, while the two succeed- 
ing diagonals toward the centre, adding 1^ times the 
weights borne successively (under a full load of the 
truss, of course), give 8.42m? and 10.19m?, for tension of 
second and first sections from centre, respectively. 
Then, adding, doubling, and multiplying by length of 
section, we obtain, material for lower chord « 48.16m'. 
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Add to tliia the amount for diagonal ajstem as above 
od, and we have the whole amount of tension ma- 
for the truss =- 84.18m' = 50.SM. 
maxininni weights sustained by obliques, and 
transferred to 7 thrust verlicala, being in the 
ite — 6.62u?, the length of members being unity, 
inly the substitution of m', to express ihe re- 
lired material for said verticals; which, reduced to 

of M, equals 3.97M. 
The first and second eections of the upper chord, ob- 
loasly GUatain the same acttoo respeftively, as (lio 
iHrth and tifth of the lower chord while the 4 middle 
ictione of the former, receive the additional action of 
iagonala 3\5/'7 (upper 6gures), under full load. 
lence we cipher up, material for upper chord ™ 32.6M. 
The end braces, sustaining 9 {w+tc') ™ 12w, with a 
Qgth whose square ia 1.44, obviously require malcriiil 
.{12xl.44)M' = 10.37M. 

The truss, then, requires thrust material, for upper 
lord, 82.6M, for end bracea, 10.37M, and for up- 
gfata, 3.97.M ; making a total for the tnisii, of 46.09M. 
Tensiou material aa above, total 50.50M. 

Trdss without Verticals. 
CXXXVI. Aaauming a truss (Fig. 51), of same 
ogtfa, depth, and number of panels, and aanie load, 
iriable and constant, aa in the two cases last consi- 
»red, with diagonals crossing one panel only, wo havo 
«rly the Isometric Trues/ adopted by Messrs. Steele 
id McDonald. 

Arranging the uiimber^ over the diagram, aa in Fig, 
using the procesa explained [xlvh. Fig. 19], it 
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will be seen that either end brace, and the obliques 
parallel therewith,* are liable to maximnm weights as 
follows, proceding from end to end. 

Fig. 61. 
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Then, doubling for the two sets, multiplying by 
square of length (1.44), and changing w to m\ we have, 
to represent material.... for compression 88.215m, ten- 
sion 28'.616m\ 

The end brace, sustaining 4.6 (w + y)% ~ 6u7, exerts 
a tension of Aw upon the end section of the lower 
chord. The next brace sustains \\ (m? + «/) ■■ 2u?, 
making a tension of 5.8882(7 for the second section. 
The tension and thrust diagonals meeting the chord 

f The small thrast action which the movable load tends to throw 
upon 6, 7 and 8, and the small tension upon 1 and 2, are neatraUxcdbj 
weight of Btrjictare. 
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at the next node, sastain together (under a full load of 
the truss), 8 (u? + t// « 4m?, adding f of which, gives 
8t(;» tension of the 8d section, while 2^10 borne by 
the obliques meeting at the next node, makes a tension 
upon the 4th section equal to 9.777u? ; and liw at the 
next node (the tension diagonal only, being in action, 
under a full load), gives for tension of the 5th section, 
10M6W. 

Adding the stresses of the several sections of the half- 
chord, doubling, multiplying by the common length 
()), and changing t^; to m^ shows material for lower 
chord B 50.37m^. 

The end section of the upper chord sustains thrust 
equal to f x (weight on end brace, (■» 6w?), + weight 
on tension oblique meeting said brace), » f 8.666^7 » 
6.77u?. 

The two obliques meeting at the first node from the 
end, sustain together 4ir, adding 2.666u7 to the above, 
and making a compression of 8.441u; upon the second 
section ; while succeeding diagonals make the stresses 
of the 8d and 4th sections, 10.2222(?, and 11. lu? re- 
spectively ; whence, by process already employed and 
described, we derive : 

Material for upper chord « 47.892m' « 28.485M 

Add for end braces, 17.28 '* -10.868** 

" •* other obliques, 15.985'* « 9.561'' 

Total for compression material, 80.607m' « 48.864M 

Tension, chord, 50.87m* 

Obliques, 20.616 

Verticals, 5 

78.986m' -47.891M, 

Grand Total, 95.755M. 
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The Arch Truss. 

CXXXVn. A parabolic Arch Truss of the same 
length, depth and load as allowed in the five preceding 
cases, and having 9 panels, will compare, as to repre- 
sentative of amount of material, as follows : 

Let w^ represent the variable, and u?,,, — Jm?^, the per- 
manent panel-load. Then, taking the greatest depth 
of truss (15/.), as the unit of length, as before, the 
length of chord will be 6.666, and the verticals respect- 
ively 1, 0.9, 0.7, and 0.4. 

The length of panel (11.111/. ), being divided by 15/. 
(the unit), gives .74074. Hence, tension of chord « 

4 {w, + w,,) X -^^, « li X 7.4074m?,, which, multiplied 

by length of chord (=■ 6.666), and u?,, changed to m,, 
gives representative of material «■ 9.8765 x 6|m, « 
65.843m, ; in which M, is. the unit of material, proportional 
to the unit of length (15',) X unit of stress, w^. 

The maximum tension of diagonals, as determined 
instrumentally by process explained [xxvir, &c ,] va- 
ries from l.llw^j to Hw, ; and, taking the highest, mul- 
tiplying by the aggregate length (15.4), and changing 
w, to M„ we obtain material « 20.52m,. 

The verticals sustain tension, each, » l|u;/9 with an 
aggregate length of 6, giving material « 8m, ; making 
a total of tension material » 94.376m,. 

The horizontal thrust of the arch, must be in all 
parts the same as the tension of the chord (at the maxi- 
mum under full load), and it is manifest that the ma- 
terial for each segment, must be to that of the middle 
segment, as the squares of respective lengths to unity ; 
that is, equal to material in said middle segment, mul- 
tiplied by squares of respective lengths. 
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But the representative for the middle piece equals Jth 
that of the lower chord, *■ 7.316My. Heuce, this amouut 
multiplied by the sitm of squares of all the others, +1 
forthe middle segment, found to be 9.058+1, = 10.058> 
^ves, to represent material for the whole arch, 73.584m,. 

Then, the vertical members are liable to be exposed 
to compressive action, represented by the small amount 
of 2.058My, which added to the above, gives a total of 
compression material, equal to 75.642My. 

Now, the factor m,, here used, is to the factor M 
used in the preceding cases, manifestly, as f xj, to ^, 
^ 1*1 • i > whence, 12m, = 8M ; and we reduce the co- 
efficients of M„ by I, and change m, to M, to bring the 
last results to the same standard measure as in the 
preceding. 

. Effecting these changes, we have, for tension 
material, Chord 43.895M, + Diagonals 13.689M + 
Verticals 5.333M, equal to a total of 62.917M. For com- 
pression, Arch, 49.056+Verticals, 1.372, = 50.428M. 



Bynopsis op Preceding Deductions. 

The following tabulated statement may promote the 
convenience of comparison : 



Tnunes. 


Material required expressed in Ms. 




TenrioD 
total. 


Compreflaion. 


Gomp. 
Total. 


Grand 


Derignated. 


Chord. 


Ends. 


Posts, &c. 


Total. 


Bonman» . 
Finck, .... 

Port, 

Whipple, . 
bometric, . 
Arch, 


65.296 
70.296 
d2.590 
50.600 
47.891 
62i»17 


58.33a 
58.333 
84. 
32.6 
28.435 
1 49.056 


7.000 

7. 

7.6 
10.37 
10.868 


« 

8.000 
9.01 
3.97 
t9.561 
1.372 


65.333 

68.333 

50.610 

46.94 

48.364 

50.428 


130.629 
138.639 
103.200 
97.44 
95.75.5 
113.345 



* Actual, bat not a determinate qoantity. f Thrust Diagonals^ 
|Aieh. 

83 
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CXXXVm. The figures in this table are to be 
understood in all cases as prefixed to the qaantity M, 
which, as far as relates to tension' material, represents 
a determinate amount of wrought iron ; while, as it re- 
lates to compression material, M represents an amount 
of cast or wr ug't iron, varying as the forms and pro- 
portions of parts vary. But, in the present discussion 
M may be assumed to have a uniform value in ex 
pressions relating to material under the heading of 
chords ; and of ends, whether oblique or vertical. 

The quantities' under the head posts, rerjuire ii^^ ji 
general, probable twice as high a value for M, as tha^v^r^at 
required for the other classes of thrust members, as i\^ jt 
regards all but the first named truss, while the first \^ jg 
not represented in that column at all, although th* ^r:Ae 
parts there referred to are as indispensible, practically My^ 
and require nearly as much material as correspondinB-;^ ng 
parts in the other plans. 

With regard to plan No 2 (the Finck), 6 posts 
tually required (two of which, at the qunrterings, 
tain determinate weight equal to W each), are al 
omitted in the table, to place this plan upon an eqi 
footing with the preceding one. 

There is also a consideration with regard to the ? ef- 
fects of load upon these two trusses, especially the 
first, which render \X, partially necessary to use diagcrzzzoDal 
ties, or *^ panel rods" in the several panels ; and s-^^ach 
have usually been introduced wherever such bri(EII3jfe8 
have been constructed. 

As any one pair of suspension rods in the Bollr — mm 
truss may be under full load, while the otfaera^ sre 
without load, the loaded node would, in such cas^^ ^ be 
depressed, while that on either side would retain n^ss/Zf 
its normal position. Thus would result an obliqir/Y/ 
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I pAncla adjacent to the lofidod [)oti>t, atii] coiiseqtioutlr, 
tendency to knik in the upper chord, by opening 
le joint ahove the loarled point npon the under side, 
id the next joint either way, npon the upper aide, 
[ence the compreasion of certain ■ chord Begnienta 
Ould ho thrown upon tlie extreme upper side at one 
id, »ud the lower side at the other end. This woulil 
) decidedly an unfavorahh/ condition, which the panel 
ida are used to obviate by distributing the loud of 
ided points over adjocent, and more remote parts of 
) truss. Otherwise, the bridge would act under a 
IMJng load, somewhat id the manner of a pontooD 
cidge. 

By cfltimating s reaaotiftble amount of material for 
>st« and panel ties, the figarea in the table, opposite 
le first two truflsea would be materially increased. 
Qetice, it must lie obvious that tha neceaaary mate- 
kl for the two above named trusses, is not so fully 
fireaeutcd iu tix table, as iu the case of the other 
or ; with regard to which — aasiguing proper valties 
I M in tlie ditfurent columns of the table, and nsaum- 
g the raerabera to adhere to one another aa firmly aa 
le different portions of each cohere among themselves, 
eomplde trusa would be forme*] in either caae (of 
Invnsionfl m above osiiumcd), sufficient to be used in 
bridge required to bear a gross load er|Uid to 4 tirtes 
weight of auperstructHre; provided the proper 
lio of aafe variuhio load to weight of structure be as 
1; as is nearly the case with regard to a 100 foot 
ridgp.' 

M, In the iiroooliim l«l>!o. roprrw-nlB a nicoL- of Iron. 15' Ifiiik sn*- 
ml fD ■luUln with wfrty , a u-f^lKlit W, Hiiial to i •<( llir grort 

ritnmnbixlf'roiiotruMofBlOOft. briilirtt. Mlowinir i.nnoiU f> 
Umm) tnoi fnr nKivnblu. and iM81h*, fir pcmiKiKnit Imd, W. rvprr. 
t« t X ]33,i}Ktt<i«.ia tfi,60aiba. Tbea, rsckoning Ihc mte streM of 
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lu such case, the results already obtained, would 
show the relative cost of the several trusses (excepting 
the first two), with almost absolute exactness. 

But, as the parts of a truss can not be so connected 
aud welded iuto a single piece, without enlargements 
at the joinings, by any skill or process now in use, we 
have to include as an item of cost, in all plans, a con- 
siderable amount of material above and beyond the 
net lengths and cross-sections, as here before deter- 
mined with regard to the trusses under discussion, re- 
quired for the lapping of parts, screws and nuts, eyes 
and pins, &c., to form the connections of the different 
members with one another. 

With regard to the trusses under comparison, no 
obvious reason presents itself, why any one should re- 
quire a percentage of allowance for connections ma- 
terially greater than another. Leaving out the two 
first, as perhaps already sufficiently discussed, the 
others consist of about the same number of necessary 
members, and with the exception of the arch truss, ad- 
mit of nearly the same forms and connections of parts. 
The Isometric, or Trapezoid without verticals, presents 
the fewest lines in the diagram ; but some six of those 
lines represent both tension and thrust members, either 
separate or combined, which probably complicates the 

iro?(tbru8t or tension), at — say lO^OOOlbs. to the inch of cross-flection, 
it takes If square inches to sustain the weight W ; beings about 5|Ib8. 
to the foot, or 84f lbs. for 15'. This, increased by — say, 20 per c. for 
extra material in connections, gives the practical value of M ; which, 
multiplied by the co-efficient of M in the table, produces approxi- 
mately, the respective weights of trusses. 

Now, li X 84.87 » lOlilbs. which multiplied by 113.845, the co- 
efficient for the Arch truss, gives for the weight of that truss. 1 1.4761 bs. 
Add for 10 feet width of platform (with wooden beams), — say 5,000ft. 
h. m. of timber and plank, equal to about 20,000 lbs., and we have 
81.4761bs. to represent the permanent load of the truss. But we have 
ai>sumed a truss proportioned to sustain with safety 18d,8881b., which 
is a little more than 4 times the weight of structure here above esti- 
mated as supported by the tmas. 
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itails of connection, quite aa much as the extra three 
kerAiers in truss No. 4. The Post trass presents the 
:gtir oamber of acting members, even omitting six ' 
muter ties seen in the diagram, with apparently no 
Sraotage aa to modea of connection. Both tho fo^C 
id the Isometric hnvo 10 members represented in the 
th oolumn of tlie table, whereas the Whipple truss 
) only 7, and these the shortest of all ; and, as the 
;terial in these parts manifestly acts at a disadvau- 
Igc, they being comparatively long and slim, and sas- 
lining slight action, any excess in their number, would 
«m to be unfavorable to economy. 
It is believed, however, that the Post truss would be 
Bproved in economy by reducing it to a trapezniilnl 
Mtoiir, as, for instance, by removing the parts outside 
fix and hi (Fig. 4£'), and changing the tension pieces 
i and ol for others connecting b with tv, and o with k ; 
ins converting the figure to a trapezoid veiy similar 
> tliat of Fig. 60 ; and, by striking out one panel from 
16 lattor, and arranging parts as in Fig. 20, except as 
» inclination, the relative merits of inclined and ver- 
oal posta, as represented in theae two plans may be 
Irly tested. 

Jlnalysis of trasses modified as jast indicated, show 
bsion niaterinl slightly in preponderance with tho 
Irtical, and thrust material a little the greater with 
Mined posts ; the average being about om per cmt 
icster in the case of vertical posts, 
Thtt balance, though trifling in amount, is upon the 
3e whore it was to be loolcod for, in view of the re- 
lit of investigations had with reference to Figures 12 
3 18 [xxxix — XLVi], as well as the case of the lao- 
itric Both the Post truss and the Isometric, as to 
ndple of action, may be classed with Fig. 13, where 
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weight is transferred from oblique to oblique, and not 
from oblique to vertical, and the contrary. Thfl^^ame 
may be said of truss Fig. 15, sometimes called the 
Triangular, in which verticals are used merely to trans- 
fer the action of weight from the point of application 
to the connections of the obliques ; after which, the 
weight has no action upon verticals. 

Now finally, we see by table of results, that if the 
Post truss be changed to the trapezoidal form, as above 
suggested, it will occupy a position, as to amount of 
material, or more strictly speaking, the amount of oe. 
Hon upon material, between Fig. 50 and Fig. 51 ; which 
latter differ from one another less than 2 per cent; a 
difierence, which would undoubtedly be increased 
somewhat, under different general proportions of trasses. 
For instance, while Fig. 50, shows an inclination if 
diagonals used in connection with verticals, probably 
nearly approaching the optimum^ Fig. 51, though su- 
perior to the true Isometric (with angles of 60°), in 
the greater inclination of its obliques, would give still 
better results with an inclination of about 40°. 

CXXXIX. On the whole, we must look to other 
quarters than the amount of action upon material, for 
plausible ground upon which to found a decided pre- 
ference for either of the three plans in question. A 
difference of two or three per C, and even more, may 
easily result from greater or less facility of constructing 
and erecting the structure, while a regard for appear- 
ance may also be worthy of consideration. Hence, 
Engineers and builders will adopt one or another plan, 
according to individual taste and judgment, and the 
one who carries out the principles of either system with 
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the grentest skill, ami tho best niatennls and workiiiari- 
•liip, will probal)ly produce the beet liridge. 

Judging from the preceding tubulutod etalemoiit, 
tbe nrch tru*8 SLHtma, prima fai;ie, to hibor iimler a 
Bonipn-hnt foriiiiduble disadvantnge in tbe fact that it 
sbowa an amount of action upon material 10 or 15 per 
cent greater than tbe three preceding plana just es- 
pecially referred to. But for t))« ligiit of experience, 

B might bo led to diiMard the plan without a trial. 

Dnt, having chanced to be the first plan of iron 
TnitM pucceaKfully put in use, and having had its ca- 
|»1jilities fully tried and demonstrated, before any 
fiirtnidable com pctitor appeared in the Quid, it could not 
be dModged from its pusitioit, until a rival plan could 
not only tlieorftically, but also practically demouatrate 
Ita superior claim to public fiivor. 

The result has been snch aa to show that even a very 
considerable excess of action upon material, may bo 
overbalanced by more ndvantageons action of thntsi 
viaterial, and greater simpiJcity and facility of coustruot- 
fion ; insomuch that the Whipple Patent Arch Truss, 
with tritlnig mnditications from the original pattern, 
competed sueceaefully with all other plans, for tho 
elau of structures it was originally designed and re- 
commended for (common bridges of 50 to 100 feet), 
during more than a quarter of a century, which has 
been fruitful in efibrts at improvement in iron bridge 
construction. 



COUITTER BRACma 

The elasticity of solid materials, is manifested 
itt bridge trusaeSi by their downward deflection under 
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load, and the recovery of their previous form and po- 
sition on the removal of the load. 

This arises principally, from the temporary elonga- 
tion of parts exposed to tension, and the contraction 
of those exposed to compression, according to laws 
and principles supposed to be understood. 

The deflection of trusses within the usual limits, 
when properly proportioned, is not essentially detri- 
mental to their safety and durability; but rather 
enables them the better to resist sudden impulses, — 
except in case of a regular succession of impulses, at 
intervals corresponding with those of the natural vi- 
brations of the structure, or with some multiple or 
even division thereof; a result frequently noticeable, 
and sometimes, to a degree somewhat unpleasant to 
the eye, as well as suggestive of danger. Hence, 
great emphasis is often employed, in expressing the sup- 
posed advantages of ^* counter bracing/* as a meaDS 
of stiffening trusses, and preventing, or diminishing 
their vibration. 

What is technically called " counter-bracing," as ap- 
plied to bridge trusses, is the introduction of a set of 
diagonal, or oblique pieces or members, to act in an- 
tagonism to the main diagonals, whether acting by 
tension or thrust, which contribute toward sustaining the 
weight of structure and load ; the object being, to re- 
tain in the truss when unloaded, more or less of the 
deflection produced by the load, when the truss is 
loaded. 

My object at the present time is, to exhibit the pro- 
cess and results of my investigations as to the theory 
and effects of this counter-bracing, as usually practiced 
in bridge building, and to state the conclusions arrived 
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at, as to the value of counter-braces, tcuvanis ciFccting 
the object proposed. 

Fio. 52- 
i c tl e .f ft hi 
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I ussiime II tni8a(Hee T'ig, 52) composfd ol' horizon- 
tal chords (of equal loiigtlia), at top and bottom, vertical 
^K>6t8, mid dingonal tension rods, iiiciiiicd at 45°, or at 
•ny other given inclinutioii, — the truss being uni- 
^rmly loatlod from end to end, and so proportioned 
tliat all of the above named purt^i, in that condition of 
Uic load, abuU undergo an anioinit of extension or 
bomprcinHioii, proportional to tlio respective lengths of 

no, mnltiplied by a conatiint factor {£}, equal to the 
Blantio change clfected in a length equal to that of the 
Bprighls between centres of chords, nhich is assumed as 
3ie aiiit of length for the occasion, Tliow, let L repi-o- 
lent the length of truss, P, the number of panels, If, 
tqual to L-*-l', the horizontal reach of diagonals, and 
D (equal to 2L£!), the ditference in length, occasioned 
ty extenaion of lower, and compression of upper chord, 

NoiT, assLiniing uo change in lengtbu of diagoriala 
•ud vcrticids, it is manifest that the chords assume, in 
itbcM circu mat Alices, the forms of two similar aud con- 
WDtric area of circles, of which the difierence in length 
B (o the moan length, as the difference of radii is to 
he roeaB radius, R. 

But the difference of radii manifestly equals the 
liatance between chonls, equal to 1. TJeing, theo, 
Aia reproflontfttivo signs beforo adopted, we have 

D s L : : 1 : H; whence R — L-^D. 

84 
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Now, the depresBion at the eeotre of the tttm, k 
evidently equal to the versed sine of half the are made 
l)j the chords, and is found with sufficient nearness, 
by the equation . . Dep. — {iLf h- 222, — |i* -*- £. 
Then, substituting L-*- Dfor jR, we have dep.i* lU -*- 
{L ^ D), - iDL. 

Hence, if the length of trass equal 8 times the depth, 
or 8, the deflection due to this cause, will equal the 
difference in length of the two chords, produced by 
their extension and compression. 

Again, if length equal 6, then, dep.i* \D x 6, » 
8/) -i- 4, = 9JE;. 

The depression resulting from extension of diagonalsi 
may be illustrated as follows. 

If the points a and 6 of a rectangular panel abed 
(Fig. 53), be fixed, and cue be extended by an addition 

equal to eA to its length, produced by 
the action of weight at c, either di- 
rectly^ or through the upright dc ; the 
points d and c will fall to g and A, 
and the very small triangle ceh {eh 
representing only the elastic stretch 
of ac), will be essentially similar to abo ; 
whence, ch : ac : : eh : ab, and eh : 
E : : ac : ab, : : s/ {1 + B*) : 1 . . . Therefore^ eh « 
Ey/ (1 + H^). But cA : V' (1 + i?") : : «A : 1, : : 
JEs^ (1 + -H 2) : 1 ; conaequently, ..ch^JE + ER\ 

Now, if this represent one of the end panels of a 
truss, all parts of the truss between the end panel«i 
must descend through a space eqnal to cA, in conse- 
qnence of the extension of diagonals in the two end 
panels ; and so for each succeeding pair of diagonals^ 
to the centre of the truss. Therefore, the depressioa 
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1 tlie centre, cla« to the sirctcbing of iltiirroiinli, miut 
e sqiiul to Jf X (1 + JP)E, - (Jf + J PIP)E. 
Tlie dopressioo lu the centre of the truss, doe to 
nprusston of appighfs, i» simply equal to the ngKro- 
IBte compression of nil the uprights on either side of 
he cientre one, and consequently, equal to J PK Thia 
mount added to that produced by extenninn nf 
Siig\>iia]8, as fthove determined, makps, for iip- 
iglits and diiigunala together, a depresvioii cquul to 

The value of this last expression, length and depth 
if truss being the same, varies slightly with variation 
1 number and width of panela, but not ao &» to be a 
patter of priiclical importance. 
Asaaraing i — 8p, = 8, we fiud that, 
P-S, and P- 16, make {P + i PM')IC - 1%K 
J*-4, and-P- 8 '* " - V2K 

P— 6, makes " * U^£!. 

6 pAnele, therefore, seem to prodaca the least tlvfluo* 
[ou. 

The deflection resuttiug from changes in leng lis of 
iiords, baa been shovru to hv cqaal to kLU ; »ui], 
nbstituting Pn ior L.kiPUE tot D, w« h«v«,.( 
tZ»- { P'lPE, —deflection from dung* in cJwwdi, 
ThH term E, then, with tbe foTknripg co-effii'l«nU, 
rpreews the depreMion tt tfa« c«atre of lb« f roM, »• 
lilting from all chaogea to Imgtb of partJi. nainiil^, 

r chorda, IP'5', for diagonab, if+jW/». «ikI, 

r QprfgbtB. \P. 

HeoM, the aeflwtioo of a tnm. wtAtf (h« trmM. 
m* b«re awnmed, depcadt vpoa dm« «(«H* •)•' 
Hita, Btpfwentcd by the Uctong f*, fl.k E', m$k 
kpreased in the (mIowidk ffMral fenwal* ; 
2>efleetioa-(tPir*. + }P+|/>]7>, 4 J^x| 
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The parts of this aggregate co-efficient of E^ re- 
ferring respectively to chords, diagonals, and uprights, 
are separated and distinguished by commas. 

The formula just given is equally applicable in case 
of thrust diagonals and tension verticals ; as will be 
made obvious by a moment's examination of the 
principles involved. 

Now, if the truss could be anchored down, by ties 
and anchorage absolutely unyielding, to the point of 
its utmost deflection under load ; the load might be 
removed, and replaced, without any rising or falling 
of the truss, — the load and the anchors alternately re- 
taining the deflection, and preserving a constant and 
uniform strain upon the truss. 

The same eifect is partially produced by counter- 
bracing ; and the object of the present investigation is, 
to determine, approximately, at least, to what extent 
this may be done, and what is the real advantage of 
counter-braces, in trusses with parallel chords ; beyond 
where they are necessary, to counteract the eflfects of 
unequal variable load, upon the diflferent parts of the 
truss. 

We have seen that deflection results from three 
causes, all, of course, depending upon elasticity; 
namely ; difference effected in lengths of, — first chords, 
second, diagonals,* and third, uprights. 

The theory of counter-bracing is, that by the intro- 
duction of antagonistic diagonals, the material is *pre- 
vented from regaining its normal state on removal of 
the load ; and consequently, that it yields to the re- 
imposition of load, to much less extent than it would 
do, in the absence of counters. 

As to the deflection due to the difference in lengths 
of chords, equal, as shown by the general formula one 
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back, to one-half of the whole, fora truss id vrhioh 
f " QH, and to more thau half, when L is greater 
tsn QIl; the couuler-diagoiials have no tonOeiicj' to 
Itain or diminieh that difierence, or the deflection 
roduced by it. The diagoonle aud counten;, simiity 
mtract or extend (according as they aet by teiiaiou or 
iniat), the two chords equally, without affecting the 
ifferencc between the two. 

On the contrary, the action of the counter diagonal 
aide to retail! the tension (or thrust, iu case of thrust 
Isgonuls), of the main in the same panel, and alito, 
le compression (or tension), of uprighta; and, in as 
T M that is accomplished, the deflection due to the 
asticity of those parts, is retained, on removal of lottd 
om the truss. 

Suppose, iu a tva^a with tension diagonals, loaded 
id depressed as already explained, and all pnrt^ ex- 
uded or contracted to the amount of £ x respective 
ggtha; a counter-diagonal to be inserted in each 
,tiel, crossing the mains, as shown in the diagram 
5g. 52), and of half the size of the latter, SQch being 
le Qsuul proportion for counters. 
Nov, the counters being adjusted so as not to act 
iiile the load ia on, but ready to act immediately, ns 
main diagonals begin to contract, then, the load 
Bing removed, the main will contract by its elasticity, 
[Ipoeed by the counter, until they come to an equiti- 
; each sustaining the same amount of tension. 
^11, the aggregate extension of the two beyond the 
fttural state, must be essentially the same ns that of 
je one, under the load; the one gaining, just aa fast 
} tlio other loses. 

l£ut the main, having a cross-section twice as great 
|tbe counter (chords and uprights retaining the same 
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lengths), mast lose two-thirds of its tension, while the 
latter is acquiring strain enough to withstand the re« 
roaining third. Hence, 2 thirds of the deflection dae 
to extension of diagonals, is recovered, on removal of 
the load, while the counter-diagonal retains the other 
1 third. 

But the posts (the greater portion of them), do not 
remain stationary as to length, as above assumed ; the 
main and counter diagonals together, exerting, ob- 
viously, only f as much action upon them in the new 
condition, as the former exert under load, they are re- 
lieved of i of their aggregate strese uuder load ; but 
do not recover in the same degree, their original ag- 
gregate length ; for the relief falls mostly upon the 
larger uprights, where the relative effects are less than 
the average. 

To illustrate the case as to uprights— if equal 
weights act at the nodes of the lower chord (Fig. 52), 
the compressive action upon the posts at ;>, g, r, and «, 
is obviously as 1, 8, 6, 7, respectively, or as 8n, 9/?, 
15n, 21n. [See analysis of Fig. 12]. Then, — Counter- 
bracing, and removing load ; aa is relieved of two-thirds 
of its stress, equal to 14^, while bs exerts a force of 7n 
upon 6r, making with 5r? retained by bq^ a total of 12n 
upon 6r, and showing a relief of 8n. Again ; cq receives 
571 through (T, and 8n through cp, « 8n in all, being a 
relief of In. But dp^ receiving Sn through dq, and In 
retained by do^ sustains 4n, being an increase of In.^ 

Now, as these uprights are assumed to undergo the 
same contraction under load, ^ of the deflection on ac- 
oount uprights, is due to each. Therefore, sa being 
relieved of 2-8ds of its action, restores . . 2-8ds of J, 
(a« 16.6 per C), of that deflection. In like manner, br 
restores l-5th of J, — 6 per C, and cq l-Oth of i, or 2.8 




r C, making, for the picoea together, 24,4 per C, re- 

ir«d. Tliia is dimiiiisliL-d by l-3d of \. or 8.3 per C. 

I ncoountof iiicreasodconijireBsioti apoii tip), loKviiig 
bslaiice of 16.1 per C. ouly, of deflection from c 
Retion of uprights, which ia restored in apite of 
tQDter-diagoiiala, iu the case Diider diecuaaioii. 

Morcorer, tbo main and counter diagonaU, prodac- 
g moro or leas effect of contraction upon the clionia, 
toording to tlie decree of iueruiation of the former, 
td the croaa-eeetioiia of the latter, it may, perhaps, he 
nsonnhly aaenmed, that the contrsctiou thus efi'octed 
I tbo horizitntii), ia a full offset to tlic 16 per C. of ex- 
Ktsion ID the vcrticiil ei<lea of panels, as above ahoivn ; 
Ithnt we inny regard the whole deflection from wp- 
l^ts, OS being retained by counter-d] agon ills. 

To state the full result of the foregoing inrcstigntitMi 
wtt. we liiid in case of Fig. 52, which ia a fair repre- 
ntative of the average of truaaea ; that counter-braiv 
1^, obvialea nil the deflection due to compression of 
^ghls, together with ^ of that reaulting from extcn- 
Dti of (liiigonala; and, making // ■> 1, in the formula 
r deflection (p. 267), we have — deflection savol by 
moter-diagimalB, — (J x 8 + 4) -i- 28, — b Utile leaa 
M 34 per C. of the whole deflection. If //— 0.75 
mn 52), the result would be about 8U per C. saved. 
Sat even these rei<ulta are based upon conditions 
imT occarring in practice. It has been aaaumod that 
I parts of the truss undergo equal degrees of change 
ider a full load : which may he nearly tnio With re- 
iKlto dionls, bat not to other parts. Tho maximum 
ition opon od and dp (Fig. 52), requires those pans to 
1 2J timM as great, as they need ba under full load ; 

lUe pcaod eg require J more, and, 96 and ftr,l-20tJi more 
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cross-section at the maximum^ than under a fiiH load 
of the truss. 

Now the deflection resulting from elasticity in these 
parts, being less in proportion as the parts are greater, 
the saving by counter-bracing, must be less in the same 
degree, as far as it relates to such parts. This at once 
reduces the above computations fordeflectlou retained, 
from 81^ and 24, to 25 and 19 per C, for the two cases 
respectively ; and, considering the increase of section 
required for uprights (in iron trusses), on account of 
great length and small diameter, as heretofore alluded 
to, it is deemed to have been fully demonetrated, that 
the eiSects of counter-diagonals, of half the size of the 
mains, are, to retain in the truss when unloaded, from 
one-sixth or less, to one-fourth of the deflection pro- 
duced by a full movable load. 

But it has been seen in the progress of our investi- 
gations as to the action of load upon the different parts 
of the truss, that counter-diagonals are required in one 
or two panels on either side of the centre, and there, 
they can not be safely omitted. But, beyond the point 
where the weight of structure acting on the mains, be- 
gins to overbalance the effects of unequal and variable 
load upon the counters, I do not consider the advan- 
tages of counter diagonals to be suflSicient to warrant 
their use. 

In the case of rail road trains, gliding smoothly over 
bridges of ordinary spans, a quarter or a half of an 
inch more or less of deflection, is of slight importance,^ 
while, in bridges for ordinary carriage travel, the onl 
objection to it is, that it slightly increases the degree 
of vibration produced by successive impulses, as of th*^^c:76 
trotting of animals, in time with the natural vibration* ^^^ 
Now, counter-bracing tends to shorten the intervals - <?/ 
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the natnral vibrations by dimiuishingtlieir extent; but 
wn not destroy tlie liability to vibraliou ; aud the al- 
temtioi) of interval produced, may as often bring the 
vibrations nlglier in tone \vith the gait of a trotting 
borse, aa otherwiae. In certain casoa the effect would 
one wny, and in others, the opposite; and in 
j^neral, the only result would be, to dimini^jh the ox- 
tent of motion ; by one quarter, or less. 

Such is thc! rusnlt of the best reasoning and science 
that I have been able to bring to bear upon the subject 
|0f counter-bracing. 

To find the actual maximum deflection of a trnea tt 
B only Decussnry to knotv the value of /'and H, and 
to assign to A'u vuliie determined by the character of 
material, and the stress upon tho several parts under 
hll load. 

In Fig. 52, if U = \ =-12Jft., and the tension of 
krroaght iron equal 15,000lbs. per sqnuie inch, tlie 
ralae of E tor that matorial, will bo about 0.0075 fl. ; 
indtliis will apply to the lower choi-d, and the obliques, 
r and IL But tho average value o1 E" fur diugouuU 
«f wrought iron, would be about O.OOOI't. 

For cast iron, ll,000tb3, to the square inch, requires 
•bout the same value for E, as 15,000 upon wrought 
Z. ; and, as that is a fair working rate of conipreasioii 
frr castiron in the upper chord, .0075fl. may be takeu 
«a the value of £ for chords, in general. Uprights, 
fiir reasons heretofore explained, require a value for 
E', not greater than .005ft. 

The above values of J?aod H, aubstituted in the 
forniala(j P'lP, + \P-V \PH\ + \P,) x £;itbecomca 
Jf"J7».ff + (i P + J PW)E + I PE", equal to J X 64 X 
.0076, + (4 + 4) .006, + 4 x .005, -, O.lSSft. - about 
\ inclies. Uence, a well proportioned wrought and 
3G 
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cast iron trass, one hundred feet long, by 12| feet deep, 
may be depressed 2^^^ in the centre by a dtstribated 
load (including structure), with tension not exceeding 
16, and thrust, not exceeding 11 thousand pounds to 
the square inch in cross-section of iron. 
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WOODEN" BRIDGES. 

Strength of Timber, &c. 

CXL. The qualities of wood as a building material, 
have been extensively treated of by authors wliose 
works have long been before the public, with a degree 
of ability and research to which ihe present writer can 
make no pretensions. He will therefore at this time^ 
simply state the conclusions arrived at from reading 
and observation (coupled with some experimental re- 
search) with respect to the average absolute strength, 
positive, negative, transverse, and to resist splitting, in 
certain cases; of the timbers principally in use for 
building purposes ; as also, the forces they will bear 
with safety under various circumstances ; leaving it, 
of course, for others to adopt his views for their uwn 
practice, or to modify and correct them, according as 
their greater experience or better judgment may 
dictate. 

At the same time, the author may be allowed to ex- 
press his firm belief, that the views about to be pre- 
sented, if fairly observed, will lead to the adoption or 
continuance of a safe and economical practice as to the 
proportioning of timber work in bridge construction. 

Pine timber in this country is perhaps to be ranked 
as among the most valuable timber in use for building 
purposes ; especially in bridge building. White oak, 




^ome ofher varietiee, are preferred for certain pur- 
poses, as being harder, stiffer, and especially better 
!alciilat£d to euetain a transverse action, wbetlier 
tending to bend or crush it. But in what followa, 
reference will principally be had to the ordinary white 
|>ioo of this country; and the deductions here made, 
jnay readily be modified so as to apply to othcT mate- 
rials of known strength, when bo required. 

The absolute positive. Or tensile strength of pine, 
Way be stated at about 10,000ft)s. to the square inch 
Df crosmsection. It might therefore seem to be safely 
reliable in practice, at 15 or 16 hundred pounds to the 
inch, npOD that part of the section of which the fibres 
Ire not separated in forming connections with other 
[wirts of the structure. And so it probably would be, 
trhen new, sound, and straight grained. But timber 
i bridges, is usually more or less exposed to wetting 
And drying, and deterioration in streTiglb, — especially 
« it regards tension. Moreover, in forming connections 
of parts and pieces in a structure, it is difticult to se- 
cure a uniform strain upon at! the uncut fibres; — one 
iide of tlie piece being often exposed to much greater 
Kress than the other. In view of such facts, it is 
Seemed advisable to seldom allow tes^ than one square 
incb section of unbroken fibre to each l,0OOIhs. of 
tensile strain. 

NbOATIVE StBESOTH of TlSlBER. 

CXLI. The ability of pine to resist compression in 
ite direction of the length of piece, is from 4 to 5 thou- 
ind pounds to the squiire inch of section, and this 
iries bnt little, whether the pieces be of length equal 
I oDCC, or fire or six limes the diameter. It n 
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dimtnisbes only about one-third with an increase of 
length np to 18 or 20 diameters. 

Xow, if we take about } of the absolute strength, 
say 800fi>s. to the inch for a length of 6 diameters, and 
560 for 18 diameters, and snbatract 40&>s. per inch for 
erery increase of 2 diameters in length, between 6 and 
18 diameters ; and from 18 to 40 diameters, compate 
the qnantities by the rule given [lxxxix], in relation 
to negative resistance of cast iron, we shall form a 
table of negative resistances of timber, for a range of 
lengths which will cover the principal cases that will 
occur in bridge building, which the aathor feels confi- 
dent in recommending for the adoption of engineers 
and practical bridge builders. If it be desired to ex- 
tend the table to greater lengths than 40 diameters, 
the formula which makes the strength as the cube (^ 
the diameter divided by the square of the length, may 
properly be used. 

The following brief table of negative redstance of 
timber, has been constructed in the manner above in* 





Table of Negative Besistance of Timber. 




Diametera. 


Poonds. 


Diameters. 


PoandB. 


Diameters. 


Pounds. 


6 


800 


24 


868 


42 


166 


8 


760 


26 


828 


44 


151 


10 


720 


28 


296 


46 


188 


12 


680 


80 


269 


48 


187 


14 


640 


83 


246 


50 


117 


16 


600 


84 


227 


52 


108 


18 


560 


86 


210 


54 


100 


20 


479 


88 


195 


57 


90 


22 


416 


40 


188 


60 


81 



dicated, and exhibits at a single view, the number oi 
pounds to the square inch of cross-section, which tim- 
bers of difierent lengths will bear with safety, at intei 




a of 2 diametera in length, for all lengths between 6 
I diameters. The first column gives lengths in 
and the second, the number of pounds to 
I^Sqiiare inch, borne, with safety. 

Transvebsb Btrbngth of Wood. 

CXLn. Pine timber will bear a triinsverae strain of 
1500 or lOOOIba. to the square inch of crosB-aeetiou ; 
that is, the projecting end of a beam will bear laOOttis. 
for each square inch of its cross- section, applied at a 
distance from the fulcrum equal to the depth of the 
l>eam ; the force acting parallel with the sides. In 
'Other words, a beam 1 inch square upon supports 2 
inches apart, will sustain 3,O00B»s. midway of supports, 
provided the timber be not split or crushed ; as would 
certainly be the case with so short a leverage. 

It will therefore be proper in practice, never to ex- 
pose this material to a greater trnusvcrso strain Ibau 
S60Ibs. (upon a leverage of 1 diameter), to the square 
inch ; and, to calculate the strength of a projecting 
beam, this quantity should be muUiplied by the cross- 
BectioQ and the depth, and the product divided by the 
distance of the load from the fulcrum, [xctv.] 

For the sut'o load in the middle of a beam supported 
Bear the ends, take four times the above quantity 
](» l,0OOIbs.), multiply by cross-section and depth, and 
divide by length between supports. 

A beam will bear twice as much load uniformly dis- 
tribated over ita length, as when it ia couccntruled in 
the centre, in case the bea.n ia supported at the ends, 
or at the end in the case of a projecting beam. 

But thene are familiar principles and need not be 
dwelt upon in this place. 
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I'.\I,TTT, Id Older that m piece of timber may act by 
tec^oiu n » Dcceanrj that a portion of its fibres be 
Kpazated. to fi>rm a heading fi>r the stretching force to 
1^ agaiEA ; and, that^e strength of the piece may 
b« nude available fi>r as great a part of its length as 
Bay be, vithoot haTing the head split off, it becomes 
iziportant to knov the power of the material to resist 



Let ci Fig. 54 represent a heading by means of 
Lich die stick is made to act by tension. Now, as the 
timber is incapable c^sapporting upon the ends of its 
jEbres with safety, for a great length of time, a force of 
more than S or 10 hundred pounds to the square inch, 
the area ^ should contun at least one square inch^for 
each 1.000Ib& to be applied to it. And, if the head 
tff be too nigh the end of the stick, the part abed will 

FiQ. 5L 




split oC and be thrust over the end of the timber. It 
is found by experiment that to produce this effect upon 
timber' of si^uud and strai|:ht grain, requires a force of 
nearly 600fts. to the square inch of cleavage in the area 
€/cb. It is therefore obviously necessary to safety, that 
the head a6, be at a distance from the end, equal to at 
least 10 times the depth {ae) of the head, that the area 
of cleavage may be sufficient to stand as great a force 
as the area of head can stand ; L e., there should be 
10 inches of cleavage surface to one inch of head surface. 
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If the headiijg be formed iu tho central part of the 
stick, as by a mortice or piu hole, two cleavages must 
be made from the hole to the end in order that the 
part may be forced out. Heiioe, the hole need be only 
uboat five times tbo width of hole from the end ; that 
is, an inch hole should be five inches, and a two inch 
liule, 10 iuchea from the end. 

TbANSVERBB CRCeHISQ. 

Timber ia sometimes liable to be crushed hy forces 
acting transversely to the direction of its fibres. If 
the pressure he applied to the whole aide of the piece, 
it ftboald not exceed 150. or at niorit 2001hs. to the 
square inch, in practice. If acting on one-half of the 
aurface, it may perhaps, be SOOtbs. to the inch, without 
yielding very injuriously ; and, for a very small portion 
of surface, as under a bolt head or wasljcr, a pressure 
of 500S>e. to tho inch may be admissible. These limits 
are taken with reference to pine timber. Hard timbers, 
will bear, probably, 25 to 50 per C more with safety. 

ComiBonoss op Tension Pieces, add Proportiohatb 
Amount of Availablb Seotiok, 

CSLrV. From what has been already said, it fol- 
lows that for a piece to act with the best advantage by 
tonBion, if the connection bo made all at one point in 
tho length, one-half of the 6bre^ require to be cut ofl', 
BO as to form an area of heading equal to the croas-eec- 
tiou of the remaining part of the stick ; since it has 
boen asitiimed that the power to resist tensile straiu 
with safety, ia the same as the power to resist compres- 
aion upon the ends of fibres. But if several headings, 
orsbouldcrs be made at different points, or distancca 
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from the end, a less portion of the fibres require to be 
separated. 

If, upon apiece 4 inches thick, instead of one shoulder 
2 inches deep at 20 inches from the end, we make two 
of one inch deep, each, the one at 10, and the other at 
20 inches from the end, we have the same area of 
shoulder, and 50 per C, more fibres to act by tension ; 
which may be made available by another shbulder at 
30 inches from the end. Thus a greater proportion of 
the fibres, but a less proportion of the length is availa- 
ble. 

In the same manner, if a piece be connected by 
pinning, requiring 2 pins of 2 inches in diameter, at 
10 inches from the end, fourl inch pins, two at 5, and 
two at 10 inches (if stiff enough), give the same shoulder 
surface, and require the cutting of only half as many 
fibres ; and, two more pins at 15 inches from the end 
will give fths of the whole area of section available for 
tension. In case the smaller pins be not stiff enough, 
they may be of an oblong section in the direction of 
the strain. 

A still further reduction of depth of shoulder or 
width of pin, will make a still larger proportion of the 
fibres available, but not so much length; and, experi- 
ence and judgment, with a little calculation, mutt dic- 
tate as to the proper medium in this respect. The 
theoretical limit is, wlien the shoulders are infinitely 
small, in which case, the whole cross-section becomes 
available. But, as the resistance to cleavage must be 
equal to the force of tension, it follows that the loss in 
available length, is proportional to the amount of 
cross-section available for tension. 

In practice, it is usually not expedient to estimate 
more than one-half or two thirds of the whole sectioD 
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I nvnilal)lo for tension. This reduces tlio safe prncti- 
il atrHiii for timburs sustaining tension, to from 500 
1 TOOlbs, to the square iiich, for the whole oroas-section ; 
id the proper point between these limits sliould be de- 
rauned by the mode of forming tht' connections in 
leeilic enses. 

Piss of Wood ikdIbon, fob cossectiko Timbers 

IM BaiDOS WoKK. 

CXLV. Perhaps no more suitable pluce will occur 
4- making a few general remarks upon the merits luid 
10 of pins for connecting pieces of timber. 

While it is rcaUily admitted that the plank lattice 
rder, put together exoUisively with wo-hIimi pins, au- 
fcred HI) excellent purpose in ad'urding ehoHp and 
irvlceablu hridgus in this country when timber was 
luudunt, uud the iron luunuliicture in its infancy, it 

ueverthtik'ss bi;liuvod that the oa\} of wooden pins in 
ndge construction, is nut dostinetl to a long contiau- 
ice. Where pins are required in wooiiuu bridgo 
'ork, it is thought that iron may be used with a do- 
ided advantage over wood — not in the lattice bridge 
'the usual form, composed of u groat number of dia* 
nisls, and a legion of connectiug pins ; but in a modl- 
»d form (as in Figures 13 and 19), with u greatly 
iducud uutubur of pieces, and points of connection. 

Wooden pins for the purpose under consideration, 
> not possess sufficient strength in proportiou to the 
ir&ve, unless made so large as to re<]uire too much 
itling of the timber. Moreover, the action upon the 
u tends to crusli it laterally, in which direction tho 
irdesl timbers available for pins, scarcely offer as 
ucb resistance as the ends of Hbres tu which they are 
ippDseJ. 

S6 
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Where pieces are connected with their fibres paral- 
lely wooden pins or keys with cross-sections elongated 
in the direction of the grain, to give them the necessary 
strength, may be employed without too mach catting 
of the timber. Bat, as jast remarked, the key is liable 
to yield before the cat ends of the fibres are taxed to 
their fall capacity. It is therefore poorly adapted to 
the parposc in any case where great strength is reqaired. 
Moreover, when the pieces to be connected are placed 
across one another, the hole will not admit of elonga- 
tion withoat too mach catting of at least one of the 
pieces. 

If it be reqaired to connect a piece by a pin between 
two other pieces as seen in Fig, 55, apper diagram, 
the pin, as already seen, shoald be strong enoagh to 
bear as mach strain as the opposed surface can sustain. 
Now, we have seen that this can scarcely be done by 
wooden pins. Still if sufficiently stifi', they may yield 
somewhat to compression, without material loss of 
strength. 

Taking the transverse strength of pin timber at 
SOOfts. to the inch, with leverage equal to diameter, 
the expression 4 x SOOod -^l (a representing the cross- 
section, dj the diameter, and /, the length of pin, be- 
tween centres of outside bearings), gives the amount 
which the pin will bear in the middle. 

Now, the two outside pieces, having each half the 
thickness of the centre one,* / must equal IJ tinaes 
the thickness (0, of the middle piece ; while the effect 

* The out»i(l<^ »»<»ftrinir8 may be regarded as concentrated at the centres 
I ^ ' ^ ■ y ^^ tliickness of the pieces, while the stress 
r'y • _ — — -n^ ^f ^Ijq piQ Jq ^y^q centre, is the same as if 

the force exerted by the middle timber, 
were concentrated half and half at the 

2 centres of the two halves of the piece ; see 
diajpam. * 
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of the force exerted by said middle piece, is two-thirds 
of what the same force would produce, if concentrated 
in the middle of the pin, and consequently, the pin 
will bear 50 per C. more. Hence, we have 4xl}x 
SOOod-*- 1J<,« 1200arf-*-/,« strength of the pin. 

But the opposed surface will bear IfiOO'td; and put- 
ting this expression equal to the former, and deducing 
the value of d^ in terms of ^, it will show the smallest 
diameter of a wooden pin, strong enough to bear as 
much as the opposed surface. This equation gives 
d a 1.03^ ; t whence, it appears that the wooden pin 
should be 3 per C. greater in diameter than the thick- 
ness of the middle timber. 

In the same manner, the strength of an iron pin in 
the same circumstances, is respresented by 4x1^ 
x5,00(tarf -t- IJ/, = 20fi00ad -i- /, which made equal to 
1,000^, gives d » 0.252/, hence, the most economical 
diameter for an iron pin in fastening one piece between 
two others, is about ^th the thickness of the middle 
piece; i. e., taking the stiffness of a round pin at 
5,0009bs. But reducing it to 4,5009bs. as proposed in 
another place [xcviii], it gives d «- 0.266/ ; whence, 
even upon this basis, it will be safe in practice to make 
d toB ^(^ and the whole length of pin a 2/, so that it may 
extend into the outside pieces to the extent of half the 
thickness of the middle piece. 

Since the outside pieces (Fig. 55), require half the 
thickness of the middle piece, and the pin requires a 
diameter equal to ^/ » } the thickness of outside pieces, 
it follows that in pinning or spiking a plank or timber 
to the outside of a thicker piece, the pin or spike should 

f Dividing the equation 120Jad-|-« —1,000^(2, by lOOd and maltiply 
ing by «. ffive 12a — l(H\ Ba tl2q — 12x .7854cr, — 9.42484*, — lOt*. 
whence, (T — 1MU\ and d— v/1.06U» — 1.08^ 
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have half the thickness of the piece attached, that it 
may not bend with less force than the ends of the 
severed fibres can bear ; and should extend into the 
thicker timber at least 6 times its diameter. For, as 

Fio. 55. 



L 



C 
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the inner portion of the pin or spike, must act upon 
the wood in the same direction as the part through the 
attached piece, it requires the same amount of surface 
to act upou, while the intermediate portion requires a 
surface equal to that acting upon the two end portions. 
And, even in this condition, the pressure is not uniform 
upon ail parts of the length of the pin, since there is a 
neutral point, as represented by the upper dotted line 
(lower diagram. Fig. 55), where the pressure changes 
from one side to the other, and, near this point, must 
be very light in both directions. Hence, for the most 
perfect results, in such cases, the pin should probably 
enter the thicker timber to a distance of 7 or 8 times 
the diameter of the pin. 

When the end bearings of the pin act transversely 
to the grain, they require at least 50 per C. more ex- 
tent of bearing, or even twice as much, when practica— 
ble. At 50 per C. ? « If ^, and the effect of the pressure 
exerted by the middle piece, is fths that of the same 
force at the centre of the pin. The equation for the 
proper diameter of the pin, then, is 4xJx5,O00arf-»-lf^ 
= 1,000/d ; whence, d = 0.283/, and length of pin — 2}/. 
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Spliciso. 



CSXVI. The term fpliciiig, as applied to timber 
work, maj be deGued to be the uoiting of two pietea 
>f timber b^' their end portioDs, so aa to form (iii figure) 
k continuous timber upon a etraight axis. 

The npliciug of timber to withstand a thrust action, 
requiresonly the meeting of the squared ends of pieces ; 
)r, a half lap, formed by removing the half of each for 
k foot or two, more or leas, from the end, and lapping 
imaining halves, so as to have the extreme end of 
wch, meet the shoulder of the other. 

But the splicing of pieces to withstand tension, ob- 

iously requires a more complicated process; and, 
■om what has already been said, [cxliv,] it is cleur 
ii&t only a part of the absolute section can be made 
irsilable to withstand a teusite strain. 

Fifi. 56. 



In Fig. 56, we have the profile of a lock splice, by 
nrbich one-third of the section is available for tension ; 
iie depth of the locking being equal to one-third of 
^e thickness of timber. Now, that the locking may 
lot split off, we have seen that the lap should extend 
10 times the depth of lock, each way, making a lap of 
t| times the thickness of the timbers. 

By slanting the timber to a thickness at the end eqoal 
} that ill the neck of the lock, we loso none of the 
leavage required to i*plit off the hook, while we gain 
1 amount of section whore it is required for bolt holes 
D secure the splicing. Otherwise, the bolt holes woald 
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have half the thickness of the piece attached, that it 
may not bend with less force than the ends of the 
severed fibres can bear ; and should extend into the 
thicker timber at least 6 times its diameter. For, as 

Fio. 55. 
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the inner portion of the pin or spike, must act upon 
the wood in the same direction as the part through the 
attached piece, it requires the same amount of surface 
to act upon, while the intermediate portion requires a 
surface equal to that acting upon the two end portions. 
And, even in this condition, the pressure is not uniform 
upon all parts of the length of the pin, since there is a 
neutral point, as represented by the upper dotted line 
(lower diagram, Fig. 55), where the pressure changes 
from one side to the other, and, near this point, must 
be very light in both directions. Hence, for the most 
perfect results, in such cases, the pin should probably 
enter the thicker timber to a distance of 7 or 8 times 
the diameter of the pin. 

When the end bearings of the pin act transversely 
to the grain, they require at least 50 per C. more ex- 
tent of bearing, or even twice as much, when practica- 
ble. At 50 per C. ? « 1|^, and the eflTect of the pressure 
exerted by the middle piece, is fths that of the same 
force at the centre of the pin. The equation for the 
proper diameter of the pin, then, is 4xJx5,000flrf-»-l}/ 
— IfiOOUt ; whence, d = 0.283i, and length of pin — 2J(. 
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Splicino. 



CSLVI. The term splicing, aa applied to timber 
work, may be defitied to be the uniting of two pieces 
of timber by their end portions, so aa to form (in figure) 
B continuous timber upon a straight axis. 

Tbe Bplioiug of timber to withstand a tlirust action, 
Requires only the meeting of the squared ends of pieces; 
ir, a half lap, formed by removing the half ofeiii-h for 
i foot or two, more or leas, from the end, and lapping 
the remaining halves, so as to have the extreme end of 
Bach, meet the shoulder of tbe other. 
But the splicing of pieces to withstand tension, ob- 
ioasly requires a more complicated process ; and, 
■om what has already been said, [cxliv.] it is clenr 
that only a part of the absolute section can bo made 
available to withstand a tensile stniin. 



In Pig. 56, we have the profile of a lock splice, by 
rhicb one-third of tbe section is available for tension ; 
le depth of Ibo locking being equal to one-third of 
le thickness of timber. Now, that the locking may 
lot split ofT, we have seen that the lap ahould extend 
iO times tbe depth of lock, eacli way, making a lap of 
; limes the thickness of the timbers. 
By sUuting the timber to a thickness at the end equal 
that in tbe neck of the lock, we lose none of the 
ieavage required to split oS' tho hook, while we gain 
amount of section where it is required for bolt holes 
eecttre the splicing. Otherwise, tbe bolt boles woald 
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The expense of a double lock splice (Fig. 57), will 

be aboat 7 cubic ft of waste timber, $8.50 

40&>s. of iron bolts, washers and plates,... 2.80 
Labi>r in fitting the timbers, say, 1. 

Total, $7.30. 

showing the shackle connection to be from 4 to 5 dol- 
lars the more expensive. 

Construction of Wooden Trusses. 

CLVn. With a thoroagh comprehension of the 
power of timber to resist the varioas kinds of strain to 
which it may be liable in bridges, and other timber 
structures, and of the general principles of forming 
connections in timber work, as attempted to be ex- 
plained and set forth in the last few preceding pages ; 
and a knowledge of the general forms of arrangement 
for the several members in bridge trusses, or girders, 
and of the manner of computing the stresses to which 
the several parts are liable to be subjected, as treated 
of in the first 100 pages or so, of this work, the details 
of practical construction of wooden truss bridges may 
be intelligently entered upon. 

Nothing more elaborate will be here undertaken, 
than a reference to general forms of trussing suitable 
for wooden bridges of different spans, and a descrip- 
tion of what seem to be the most feasible methods of 
forming connections at peculiar and specific points. 

The method pursued will, be, to proceed from the 
shorter spans, and more simple combinations, to struct- 
ures of greater length, and requiring a greater number 
and a more complex arrangements of parts. 




CLVIIL The form presented in Fig. 3, with rafter 
braces ad and dc, and a tie or chord ac, together with 
ftn iron tension raemher db (in X or 2 pieces), ia proba- 
bly the best adapted to bridgea from 20 to 26 feel in 
len^h. The braces should meet with a vertical joint 
t d (Fig. 3), and toe into the chord tie with two head- 
Jnga, and one or two smuU bolts, as iu Fig. 60. 




Aeaaming the brace to be capable of sustaining a 
thrust of SOOIbri. to the inch of section, and the heading 
),00OEbs, to the inch, the aggregate depth of hcadinfr, 
^, and de, sbould heone<ha)f the depth rA, of the brace; 
ftnd, thu point /, should fall below the point d, by 
^ tu^ so as to give a length of cleavage fk, •= 10a/ or 
10 dA. The shoulder tie, then, should he, 

{!),... di^^ch—^oH, - Jc6— ,"5(1/.+ (ijt/A. 

We here speak of ad b as » straight horizontal ]ine, 

It shown. This is regarding o/as equal to the verti- 

J depth of cut at «/; which will he sufficiently near 
ihe truth for our present purpose, provided the brace 

I not very steep. 

Uut I2,),...demidi. sin. db€, -d< 
37 




(7),... de -■ -^- ^ — Then, substituting for oi, its 
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and, putting this value ofde equal to the one above, 

and changing vulgar to decimal fractions, we have, 
(8), .Ab. sin. cab — 0.5 cb — 0.1a6 + O.lrfft. 

Then, transposing, and uniting co-efficients oidb. 
(4.). ..(sin. cab — 0.1) db «— 0.6c6 — O.loA, whence, 

.-V ,, 0.5c6 — 0.1a& 
W»—^^ "sin. cod -0.1 

Now, from equation (2) we derive rfi= ^^^^ , which 
value of ett being substituted in equation (6), we have 

/^v de 0.5 c6 — 0.1 /i5 , i.- i • i. 

^ (6)> - bTT^ - Bia.ca^-0.1. > whence, multiplying by 
sin. cab, we derive, 

" "0.1 

sin. cab 
cb 

equal. ^.^ ^^ the last equation becomes, 

* _ ^ . 0.1 c6 / ^ ^ 0.1 >_^ 

{%-de ^ 0,1 = 01 

B I. ca6 sin.eoft 

Making the angle cab =■ 26°83J', which is regarded 
as a suitable inclination for the brace, being one, ver- 
tical, and two, horizontal reach, sin. cab «— 0.447, which 
substituted in (8), gives de -■ .356 c6, and af^m .144rf. 

This, it will be recollected, is deduced upon th» 
supposition that the brace will sustain a compression, 
of 500tt>8. to the inch, and no more ; which will depend 
upon the length as compared with the least diameter. 
If the brace be capable of bearing with safety, more or 
less than SOOfts. to the inch, the heading, or butting 
surface should be more or less than half the area of 
cross-section, in like proportion. For, if unnecessarilj 
large, it requires too much cutting of the chord, and 
if too small, the pressure upon abutting surfaces be- 
comes too great. 

With the inclination of brace above assumed, the 
compression upon the brace obviously equals the weight 
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istained muUiplk-d by v'o I ft"d( for a rail road bridge, 

IJ tuna to ibc lineal loot, the weight upon each 

imce, will be 6,2501bs. = J'(J; or say, J {id + u)') — 

pSOOlba. This by ^/j, gives 16J7Ufi)3. — thrust of 

while 16,000fti9, "■ tension of chord. Now, at 

lOlbij. to the square inch of gross section, the chord 

qnires 80 square inches, ami the bmce 33| inchest 

ang It little luBS than 6" square. But the length of 

irace being about lift, or 22 diameters of a 6" stick, 

) find by the table [cxLi], the brace ia only capable 

bearing 416Ib«. to the inch. Hence, with a 6" leaat 

liameter, a section of 40.3 inches, or nearly 6" x 7", 

niea necessary. Still the butting surface required 

only 16.77 square inches — a little less than 2J" depth 

t right angles with the brace), by 7" in width. 

This 2J inches in depth may be divided between the 

'o shoulders at a and d, in any manner that will leave 

length of cleavage from a to the end of the chord 

ual to 10 of, or more strictly 10 afx cos. cab, which 

uala the vertical dL'pth of cut at/. But the line df, 

tould preserve a descent, equal to yi^th of its length. 

The depth of shoulder being thus reduced from JcA 

• 8" in this case), to 21", de \a diminished in the same 

legree, and from .SStJeft, becomes j x.3o6c6 ~ .296Gi:6 ; 

id, subatilutiiig 6" for rh, we have de — 1.78 inches. 

Uic meantime n/ becomes gx,144cfi, ^ .72". 

The vertical depth of cut for (/f, —1.78", isl.78xeo(,. 

<, — 1.78X.894, — 1.59". Add to thisthe vertical out 

,/, equal to .642" and it makes 2.233", — aggregnle 

irtical depth of cut in the chord, whence the distance 

should be 22 33 inches, to afford the necessary ro- 

itxince to cleavage. 

Now, we require in the chord 15 square inches of 
iWTCred fibre, to withstand the borizjutal thrust uf 
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the brace while we require, as seen above, 1.50x 
7 « 11.18 iaches to be cut awa; to form foothold for 
brace, making aggregate section of chord » 15+11-13 
— 26.13 sqr. inches, equal to about 7" X 3f", by strict 
compntatioD. 

Timbers so Buiall, however, although capable of Bus- 
taining, without excessive atreas, any action to which 
B bridge is legitimately exposed, ia not to be recom- 
meuded in practice, as the structures might be de- 
stroyed by casualties which would but slightly affect 
the large timbers required in heavier and longer stroct- 
turea. 

The centre of bearing of the tmae upon the abut- 
ment, should be directly under the point i, at the 
meeting of central axes of the brace, and the nusevered 
portion of the chord. Otherwise, an injarioaa lateral 
strain would result to the chord at its weakest point. 

The transverse beam at the centre of the truss, may 
be placed above the chord or below, as preferred, and 
sustained by 2 snapenaion bolts descend- 
ing divergently from a saddle, or double 
washer at the vertex of the braces, pass- 
ing through the beam, and secured by 
nuts and washers upon the nnder side of 
the beam, as shown in Fig. 61. The 
divergence of bolts should be from Jth 
to ^tb their length, and the section of 
bolts, a trifle more than what is required 
simply to sustain the weight, as they may 
act unequally, in consequence of a small 
lateral tendency of the braces. 

A small bolt should pass vertically 
through chord and beam, to preserve 
them in place. Also, a small bolster, or corbel block 



Fio. 61. 
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. Fig. 60 and 61), under the chord nt the end, aflbrda 

ime protectioii at the weak point in the chord. 

A pair of horizontul x braces in each panel, between 
m and abutraentfl, or plate timbers upon abutments, 
irs required to produce lateral steadiness in the struc- 
are. 

The idea of constructing the trusaes of a rail road 
iridge, even of 20' span, of 6" timbers, to persoue in 
he habit of eeeing sach bridges constructed with tim- 
lers 10 or 12 inches square, will undoubtedly suggest 
ieions of catastrophe, courts and coroners; and, in 
iow of liability to casualty, fretting at joints, and per- 
iap9 sarfauo decay, it may be advisable to use in such 
tructurea, ttmhcra somewhat larger than the above 
ODiputations indicate aa eufficteut to withstand deter* 
ninate forces. 

But, as an instance of what strength maybe obtained 
nth very small limbers, properly proportioned and 
iDt together, it may be here stated that a model of a 
feet truss, upon a scale of 1 to 12, constructed as 
bove explained, of J" x ,*j" l>raccs and chord, bore 
ritbout material iiynry, 3&0H>3. at the centre, equiv&> 
Mit to 7008)3. distributed, and representing 700x144 
■ 100,8001b». upon one truss, or over 100 net tons upon 

SO feet bridge; being some four times as much as a 
ingle track rail road bridge of that span is usually 
utgoctefl to. 

With regard to the proper size of transverse beam, 
!ic fonnula (see rule [cxlii]), ^-^-'^ = W, {n represont- 
ig area of eoLlion, d, depth of beam, /, length between 
spporte, and W, the load in the centre), gives a « 
^^^ Then, assuming f - IS', W - 7,500Ib9. (- 

,O00B)s. distributed), and d — 14" ; we have a — 
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Tm^y " ^^-^ ^^"^^^^ ^"^^®® ' ^^^^^ divided by depth 
(c/), in inched, gives thickness (Q, «■ 7 inches nearly. 
Or the formula t » f^ gives the required thickness 

directly. But in this case,/ and {/must express length 
and depth in inches^ since the co-efficient of d (1,000) 
refers to square inches of section. Otherwise, the co- 
efficient must be multiplied by 144 to make it refer to 
the square foot of section ; in which latter case the 
value of / will be obtained in feet. 

In the case of beams to sustain rail road track, we 
may let I' «— length of beam exclusive of the portion 
between rails, and W =: weight upon the 2 rails. If 
r « 120" and W - 25,000fts., and d «• 14" the above 

formula becomes, t - ^|^ - !^ - 15.8 in. 

Thkeb Panel Truss. 

CLIX. A three panel truss bridge of wood may be 
constructed upon the plan shown in outline by Fig. !• 
The main braces a6 and a'i' may connect with the chord 
in the same manner as in the two panel truss described 
in the last section, and illustrated by Fig. 60; while 
the upper end may be square, and the whole bevel to 
form the angle abb\ given to the member 66'. Or, the 
bevel may be upon both members ; in which case the 
saddle plates at 6 and 1/ should extend over the joint, 
so as to throw a part of the weight directly upon the 
brace. In case the bevel be all upon 66', the saddle 
need not bear upon the brace. 

The counter braces in the middle panel may box 
into the chord and the horizontal 66', in the manner 
shown in Fig. 62, either by the black or the dotted 
lines ; the upper end of the counter toeing against the 
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enil of the main brace, when the form of couDCctioa 
Bbowu by the black line is used. 

As the counter braces cross, or meet in the centre of 
the panel, one mny be in two pieces tbrualiag into the 
other aa at i^ Fig. 62 ; or one meoiber may bo in two 
full length pieces, and the otherasingle brace between 
^e former, of aucb width vertically, as to posscaa the 
Wqnirod cross-eection ; say 2J" x 6" for tbe outside, 
and 4 X 8 for the middle one, and tbe whole connected 
by a small transverse bolt at the crossing. 

Fio. 62. 


5 -* X. 

^ 


[^ 


< \ 


1 


Tbe stresses of the several parts of tbe trnss may be 
determined in the manner explained in section xviii, 
Kud the timbers proportioned accordingly, and in con- 
|i>rmity to rules in relation to strength of timber [cxl 
ftiid cXLl]. For & truss of 30 feet to carry a gross load 
oflS.OOOibs. to the panel, with a horizontal reach of 
brace equal to twice tbe vertical — chord and "atrain- 
bg beam," [bl/. Fig. 7), should be 7" deep x 9" wide ; 
main braces 8" x 9". Counter-braces being subject to 
»nly one-third of the movable panel loud, may properly 
be 4 X 8 or 5 X fl, if one be severed at the crossing, or 
as above specified, if one member be in 2 full length 
pieces. 

Two couolor-bracea might cross one anotherside by 
Ado, bat this would not produce a well balanced action. 
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Bridges of this length of span are, moreover, often 
built with counter braces omitted, for common road 
purposes. But such practice is defective, unless extra 
depth of section be given to the lower chord, so that 
its stiffness may transfer a portion of weight over the 
quadrangular middle panel ; and in no case is it ad- 
visable to dispense with counter braces in a rail road 
bridge of three panels. 

Beams may be suspended by divergent bolts as in 
Fig. 61, and bolted to the chord ; while horizontal x 
ties or braces, as may be preferred, in each panel will 
prevent lateral swaying of the structure. 

The above is probably the simplest and best plan of 
wooden truss for bridges of 30 to 35 feet span. 

Four and Six Panel Trusses. 

CLX. The same general arrangement, with (he same 
kind of connections, in trusses of 4 or 6 panels, accord- 
ing to length of span, may be used with good effect 
for common road purposes, in any length up to 70 or 
80 feet. In such cases, each panel should have one 
main brace, and counter braces may be entirely omitted; 
as the partial movable load is seldom so great as to 
neutralize the action of weight of structure upon the 
main braces. 

In the 6 panel truss, the movable must exceed the 
permanent panel load upon the two beams next either 
end, with no movable load upon the other beams, in 
order to neutralize the constant tendency to action 
upon the central pair of main braces. This is obvious 
from the fact that the greatest tendency to tension action 
upon the latter, is 3m7", =■ Ji^, while the permonent load 
gives a constant opposite tendency, equal to ^w'. 
Should such cases occur, the transverse stiffness of 
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J both upper and low chorda mnst be 
overcome before n collapse could 
take place. In tlie case of irou 
trusses, the chords arc supposed to 
have no lateral sliUut-as at the 
^ nodes; consequently, couuterbrocea, 
or ties, na the case may he, are al- 
ways necessary in one or two pauela 
each side ot'tlie coiitro. 

Fig. 63 repr^-eents a Six Panel 
truBs,ns arranged iuul recommended 
by the nntlior 16 or 18 years ago, 
and adopted by the Canal dcpart- 
meTit of the State of New York, 
for fiirm and country road crosainga 
over tlie State caiiaU, upon which 
eevoriil liundrcdsof tliein are in use. 

The arrangement of upper and 
lower chord timbers, and tbe diver- 
gont suapeusion rods, to maintain 
the erect position of trusses, as well 
as tlio assignment of correct pro- 
portions to all the parts throughout, 
are believed to have originated with 
the author of this work. 

The lower and longer portion of 
the bottom chord, U usually in two 
pieces, spliced with double locking 
and bolting (see Fig. 67), over the 
centre beam. Transfer blocks are 
also inserted between upper and 
tower timbers, to transfer a part of 

]the stress of the longer to tbe 
shorter portion, and thtia dimitueh 
the etrain at Uio splicing. 
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The long portion of the upper chord may also be 
in two pieces meeting with squared ends, or with a 
plain half lap, of a foot or so. Transfer blocks or 
packing pieces and bolts should likewise be inserted as 
indicated in the figure. 

The dimensions of the several members, of course, 
will depend upon the length and dept^ of truss, and 
the load it is required to bear. It is seen by pro- 
cesses exphiined heretofore [xL and Lin], that the 
portion of chord under the triangular end panels, and 
also the endmost sections of the upper chord, are liable 

to action equal to 2JW-, in which expression W ■■ 

w+w\ h a the horizontal, and v » the vertical reach 
of braces. The next sections (top and bottom), are 

liable to 4W-, and the lower chord under the two 
middle panels, to 4JW-. 



The end braces are liable to 2JW \/A* + i;*-«-v,the 
next braces, to {10w"+l^w') >/h? + i;* -«- r, and the 
middle ones, to (6m/'+Jm?') >/h? + y^ -«- v\ while the 
verticals are exposed to 2JW for the endmost, IW for 
the middle, and 10 u?" + \\\d' for the intermediates. 

Now, we have only to assign specific values to w and 
w'^ and to A and r, in order to obtiiin the actual maxi- 
mum stresses the several parts are liable to, from the 
general expressions just found. 

Let h = 12', and r = 7' ; which, though not an eco- 
nomical proportion, as we have seen [lxiv], may be 
admissible for bridges of light burthens, giving a better 
appearance, and the structure being less top heavy. 

The weight of a light superstructure of this descrip- 
tion, is 18 or 20 tons — say, w' =■ 3,000ft)s. Then, as- 
suming V) =s 6,000&>s. which will be sufiicient for the 
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lijcbter clnsa of private and country bridges. Tlieu, 
-1,714, and •/h'+e'^vLmi. 

Stilisiitutiiig these vuiut's in tlio above cxpi 
for stresses, we bave 2J x 9,000 X 1714, =a8,5(J5, — 
tetieiou of emi aeutioii of bottom uboi-d. For the next 
section. 4 X 9,000 X 1,714 = 61,704ft>8. ; and, fur the 
two raidiUe sections, lj9,417tbs. ; while the compressiou 
of the two portions of the upper chord, is 3S,5t}59ti3., 
for the end, and 61,704ib3., for the middle sectiona. 

The maximmn compression of the three seta of 
linces, ia 44,663 for the ends, 14,880 for tbe middle 
Oiiea, and 28,760 for the intermediates. 

The tension of sospensioa bolts, is, at themaxiiaum, 
for tbe endniost 22.600, for the middle ones, 9,000 
( — W), fltid for the intermediates 14,500. 

The main portion of the lower chord, requires a lap 
at the splice, equal to 10 times its depth, [cxlvl] 
Hence, the less depth, tbe less waste in splicing, and 
the more lateral atiUness of truss. But this also iu- 
volves greater required section in the lighter braces, 
vbich become too thin, vertically, to act with advantage 
under comprcssiou. 

There is no ready means of determining the exact 
optimum in the ratio of depth to width of timbers in 
this case ; and we shidi uot err greatly by assuming a 
ratio of width to dopih as 3 to 2, or as 4 to 3 ; neither 
to be rigidly adhered to. 

Tbe bottom chord may suffer teasion io the second 
pauel, equal to nearly 62,000tbs., requiriug 62 inches . 
of net section ; while tbe second brace has a m.iximnm 
horizontal thrust of nearly 2o,0001!bs., requiring tbe 
Mvering of 26 inches, whence this part of the chord 
iboald have a gross section of 62 + 25, — 87 inches. 
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This amount may be furnished nearly, by a section of 
8J" X 10", 8 X 11, or 7 X 12. Assuming the second, 
the end braces should be 8^ x 11, the next 7 x 11, and 
the middle ones, 5^ x 11. 

We have seen above, that 62,000fcs. of tension, are 
communicated to the long timbers of the lower chord, 
while the splice at the middle is only good for 500fi>s., 
to the inch of gross section, being 44,0008)3.; thus 
leaving a deficiency of 18,000ft)8. to be sustained and 
made up by the upper timber. In the mean time, 
the middle braces exert about 8,000ft)s. of horizontal 
action upon this piece, under a full load of the truss, 
and near 13,000&>s. at the maximum action of those 
braces. Hence that timber should have a mininum 
ml section of 26 inches, + 18 inches to be severed for 
the insertion of transfer blocks. The timber should 
therefore be at least 4'' deep. 

The transfer blocks should be If" thick, in this case, 
and 15 or 16 inches long, and be well fitted in position 
as indicated in Fig. 63. This mode is preferable to that 
of using blocks twice as thick, and letting one-half into 
each timber by a square boxing; because it leaves a 
larger section of timber opposite the middle of the 
block where bolt-holes are required. Otherwise it 
would be necessary to provide additional gross section 
on account of bolt holes. The same reason applies in 
the case of braces toeing into chords, &c. ; where the 
boxing, instead of being as deep at the heel as at the 
toe of the brace, should taper out to nothing at the heel. 
See black line at foot of counter brace c, Fig. 62. 

This case has been given in pretty full detail, since 
the plan seems to merit, as it certainly enjoys, a high 
degree of popularity, for small bridges for ordinary use. 
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By increasing the depth to at leflst Jtb of the length 
oftruea, inserting counter braces in the two raiiiiUe 
jtanela, and proportioning memberB to the respective 
fltrains to which they are liable ; this plan is undoubt- 
edly well adapted to rail road purposes in spans from 
fiO to 70 feet in length. 

For greater spans than 70 feet for rail roads and 80' 
for common roads, higher Irusseit, with topconnet-tionfl 
and lateral bracing or tying, should undoubte<lly be 
adopted. 

CLXI. The bridge aaually designated as Bcardsley's 
Bridge, is identical with the one shown in Fig. 63, 
noditicd by the Bubstitution of iron bottom chonls, 
composed of two parallel rods (to each truss) in 6 pieces 
«r parts corresponding in size with thu stresses of 
chords under respective panels. The middle and 
largeflt part extending under the two middle panels, 
ftnd the others, eaoh under one panel only. 

These pieces or parts, being connected by turn-buck- 
les, or screw couplings, pass through cast iron shot-s, 
Into and against which the several braces toe and 
thrust; the shoes being prevented from sliding out- 
ward upon the rods, by the couplings. 

The shoe should in all cases be so formed and located 
flint the axes of action of chord, brace and vertical, 
meet at the same point, as it regards the intermediates, 
while as to those upon the abutments, the axes of chord 
and brace should meet over the centre of bearing upon 
abutments. 

Thia arrangement (understood to have been the sag- 
geation and device of Mr. Geo. Heath), gives very sat- 
Sifiictory results, and the only practical question with 
iregnrd to it, as compared with the one with wooden 
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chords, seems to be merely one of economy and con- 
venience. If suitable timbers for chords can be readily 
and reasonably obtained, it is thought to be quite as 
advantageous to use wooden chords. 

Thb Howb Bridge. 

CLXn. A very popular plan of wooden bridges, 
which has, in fact, superseded most others in New York 
and New England for rail-road purposes from the time 
of the introduction of the rail road system, is known 
as the Howe Bridge. 

The trusses have upper and lower parallel chords, 
together with main and counter braces, of wood, tied 
vertically by wrought iron tension rods from chord to 
chord, the principle of action being the same as in the 
plan shown in Fig. 63. 

The braces act upon the chords and verticals through 
the medium of cant iron shoes or skewbacks, with ribs 
or flanges let into the chords to a suflicient depth to 
sustain the horizontal thrust of braces, and with tubes, 
or hollow processes, square externally, and having 
round holes to receive the vertical bolts. These tubes 
project downward through the lower, and upward 
through upper chord, between the courses of timber 
composing the chord, being boxed into the timber on 
each side of the tube, so as to leave about an inch be- 
tween adjacent courses for ventilation; the tubes, ex- 
tending through the chords, reach an iron plate upon 
the opposite side, which serves as a washer, or bearing 
for the nuts of the suspension bolts. 

By this means the vertical action of braces is brought 
directly upon the verticals, without a transverse crush- 
ing action upon the chord timbers. 
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Tlie cliorda are formed of 3 or 4 couracs of timber 
side by Bide, with a depth equal to two or three times 
the tbickoL-aa; the joiuta io the several courses being 
so distributed that no two courses may have a joiut ia 
the autiie panel (vhen avoidable. 

Fi*. 64, represents a side view in the npper, and a 
top view in tlie lower diagram, of a portion of thebot- 



I 



torn chord. At lis represented a view of the tube of 
the ekewback ua it would appear with the outside chord 
timber removed ; at m m, the senta of the main bratres, 
and e, the seat of the counter brace. Over a, is a 
clamp, or lock piece, and bb' are transfer blocks, or 
packing jiieces, to secure the joint, and transfer the 
strain from one to another of the chord timbers. The 
transfer blocks may be placed obliquely as at b, or 
straight, a« at b'. The latter is the mora usual, hut 
the former leaves the greater section of timber at the 
point where the bolt holes occur. 

The braces are uaually placed with a horizontal aboat 
half as great as the vertical reach, and extending across 
one panel only. Counter braces nsed throughout, and 
the apper chord made of equal length with the lower, 
giving the trna« a rectangular, instead of a Trape- 
Boldal form. 
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fTow, it is obvious that in a rectangalar trass, as 
represented in Fig. 52, the end posts, and one panel- 
length of the upper chord at each end, as well as one 
counter-brace, are entirely useless, as it regards sus- 
taining weight of structure and load. Tt will readily 
be seen, moreover, that no counter-braces except those 
of the two middle panels, in the 8 panel trus9. Fig. 52, 
have any sustaining action, unless the variable exceed 
4 times the permanent load of the truss. 

It is furthermore manifest that there is a large 
amount of surplus material in the portions of lower 
chord toward the ends ; the tension of that chord being 
in the several panels, proceding from the end (in the 
case of Fig. 52), as 3|, 6, 7^ and 8. Hence, over one- 
fifth of the material in a chord of uniform section, is in 
excess. 

But the greatest sacrifice of economy in the Howe 
Bridge as usually constructed^ results from the steep pitch 
of the braces. For, while, as was seen [lxvi], braced 
act with about the same economy at an inclination 
giving a horizontal reach equal to the vertical, as when 
the fiirmer equals only one-half of the latter, that is, 
with h^v and h » ^Oy it was shown in the succeeding 
section, that the action upon verticals was nearly twice 
as great in the latter, as in the former case. For in- 
stance, suppose Fig. 18 to represent a 16 panel trass, 
with thrast braces and tension verticals. Estimating 
successively the action upon verticals with diagonals 
crossing two panels, as in Fig. 18, and the same with 
diagonals crossing but one panel, we find the action 
over 85 per cent more in the latter than in the former 
case. 

With regard to chords, the horizontal effect is essen- 
tially the same in both cases, while the vertical thrust 



WooDKN Bridges. 

of bmcee, lieing but little over half na grent with the 
long, as with the short horizontal reach, mtty be stift- 
talneil by the timber of the chord, tbua nhviutiiig the 
lecessity of tubes extending through the chord from 
^e cast iron ekewback; and furthermore, miiy enable 
the iroD shoe to be dispensed with altogether, in miiny 
cues. Hence would result a still further saving in ex- 
it as well as in weight of structure. 

Take, for example a brace 10" 8<|[Hirc. c.ipable of 
lesisting a tnnist of 50,000iba. in the (IIri.>(-lJo)i of it4 
length, Hiid a vertical pressure of 35,00011)9. when in- 
clined at 45". Whether the end be cut ns at d, e, or/ 
(Fig. 64), it covers a horizontal area of 141 square 
l))chea,giving a square inch for every 2oOtb4. of vortical 
pressure. This does not much, if any, exceed the ca- 
|>acity of timber for resisting transverse crushing, as 
estimnted in section cxliii, when acting upon a portion 
Qf surface so limited with respect to the whole. 

Perhaps, however, the propriety of dispensing with 

e iron shoe, should not be too strenuously urged. 
But there seems to be little excuse for incurring the 
■acrifice of iron required in suspension bolts in case of 

i Bteep braces, over what is required with the greater 
iDclioation. The interference of bolts with braces, 
when the Litter reach across two panels, is perhaps the 
greatest obstacle in the way of adopting the latter ar- 
rangement; and this may be managed by either pass- 

; the bolts through the intervening braces (which 
does not materially impair their strength, when eup- 
IKtrted at intervals by couutor-braces), or between 

a and counter braces, as may seem most favorable < 
a respective cases, 

In view of the above considerations, the author can 
BOt avoid regarding the usual practice in the construo- 
fion of Iluwe Bridges, as decidedly faulty. 
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Trapbzoijd without Verticals.* 

CLXm. This form of truss. Figs. 18, fs and 19, has 
been shown [xliv, Ac.], to be liable to a less amoant 
of action upon materials, in sustaining a given load 
under like general conditions, than any of the other 
forms analyzed in this work ; and this advantage may 
be made practically available in wooden bridge con- 
struction, by a system of chords and diagonals con* 
nected by transverse iron bolts and pins at tbe nodes 
of upper and lower chords. 

The lower chords should be proportioned in their 
several parts, nearly in accordance with the stresses to 
which such parts are liable. This may be accomplished 
by a pair of parallel courses of timber of uniform sec- 
tion upon the outsides of the chord from end to end, 
placed at such distance asunder as to admit tbe ends 
of diagonals between them, and also, to admit of addi* 
tional courses of chord timbers upon the inside of the 
former, to be introduced as required toward tbe centra, 
to give in each panel a section of chord, proportional 
to the computed strain for such part. 

The pieces composing the several courses, may 
be spliced with tbe double lock, Fig. 57, usually with 
tbe centre of the splice at tbe nodes, or connecting 
points of chords with diagonals ; no two splices in the 
same half-chord to occur at the same node. 

The upper chord should be increased in section by 
enlargement of the section rather than the number of 
courses. Or, in some cases, timbers may taper in 
thickness toward the ends of chords, either upper or 

* The characteristic of this trass, is not that strictly speakinn^ it hai 
'■^ \ertical members, hat that there is no i^neral alternate tra mjar «f 
i^ht from diagonals to verUcals, and the oontmy. 







exterflling over the width of two panels, 6" at 
ttie smaller, and 8" at the larger end, will answer the 
reqniretneDt with perhaps less waste of timber and 
labor than would Boffice under a different arraogement. 
Bnt anch matters mast be left to the judgment of the 
deugner. 

The upper chord acting by compression, the timbers 
may be connected by a half-lap of IJ or 2 feet at the 
Sodes, where the main connecting bolts will secure 
fte ends. 

The diagonals which act principally by compression 
(represented as the narrower ones in Fign. 65 and 6*5), 
may be in pairs, while those mostly exposed to tension 
(the wider ones), may bo single, and placed between 
tbe former. Thus usually three pieces are united at 
I Mch node. 



s;^ 



x. 



■ Mch nod' 

L 

^F In some easee where the thickness of diagonal* ex- 
^■•edfl the space between half-L-hords, the thrust dia- 
^'gonftls may be shouldered to fit a boxing upon the in- 
side of the chord ; as by either of the vertical dotted 
lines, Fig. 66. Sometimes also, the boxing may ex* 
tsnd through the whole depth of the chord, an na to 
ivqaire no cutting of the diagonal ; and again, the 
tiiiekneM of the diagouaU may be reduced in the pArti 



308 Bridge Building. 

between chords, and no catting of chord timbers re- 
quired. 

When cutting of timbers becomes necessary for pur- 
poses as above, it should be in the parts where the 
greater surplus over the necessary net section occurs, 
whether in chord or diagonals. Every part should 
have a square inch of net available section for each 
l,000&>s. of tension, and a square inch of bearing upon 
bolt, pin, or shoulder, for each l,000fi>s. of either ten- 
sion or thrust to which the part is liable; and the 
bearing upon bolts and pins should be estimated as 
equal to the diameter multiplied by the length of hole 
through the piece ; or, equal to the section of timber 
severed by the hole. 

CLXIV. Fig. 66 is a general representation of the 
half of an 8 panel truss, suitable for a 100 foot common 
road bridge. Let v =» 14', = distance between centres 
of upper and lower chords, and h = 12J', =■ horizontal 
width of panel. Then, assuming w » 10,0009)8. 
(=s movable panel load), and w^ =»4,0008)s. (■■ perma- 
nent panel load), we have - ■■ .898 (nearly), and D ■■ 

18.77' ■■ length of diagonal; whence, - =» 1.84; and, 

computing the stresses of the several parts and mem- 
bers by the process explained in sections [xliy, &c.,], 
the maximuni vertical pressure at a equals 49,000fts. 
giving a longitudinal compression upon oi, equal to 
65,660fi>s., and a tension upon a6, equal to 43,750ft8. 

For the double member ai| 8'' X 9" timbers are sof* 
ficient ; while 4" X 12" (in each half), would answer 
for ab. But to give greater transverse stiffness tar 
supporting floor timbers, it is preferred to have the 
outside course of lower chord timbers 5 X 12 inches. 
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The inside course of lower chord timbers may be -»- 
a 4" X 12" piece extending from d across the two mid- 
dle panels of the truss, spliced at each end to a taper- 
ing piece 4 X 12 at ci, and 2 X 12 at 6 ; and consequently, 
S X 12 at a Then, leaving a space of 8" between half 
choids at rf and e, we have 10" at <?, and VX' at 6. 

Each half of the upper chord should be 8" x 12", in 
the two middle panels, and placed 9" apart ; connect- 
W with a tapering piece each way, from 8 x 12 at ^, 
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to 3 X 12 at I ; where the end should be beveled to a 
line bisecting the angle aih, and abut against a beveled 
sbouldur upon the upper end of the king brace ai. 
The king brace ts also cut awa; upon the inside, leav- 
ing only 1" in thiokneaa, to make up, with i/i and ic, a 
tliicknesB equal to the epace (13") between the half- 
ubords at i. 

The parts thus meeting at i are to be fastened by 2 
transverse bolts of at least 2J" \u diameter. These 
afford the requisite square inch of bearing surface for 
each l,000ftis. of pressure, with an unimportant de- 
ficiency for the member ic, which may be eked out with 
S 1" pin through bi and ic only, if thought advisable, 
thus giving 55 square inches fur vertical and diagonal 
together. 

These members should extend at least 14" beyond 
ttie centres of holes. 

At A and J, the three diagonal pieces just fill the 
space between chord timbers, and require at h, two 
bolts and one plain pin of Ij" in diameter, and at^, 
the same number &c., of 1|" diameter. The diagram 
ihows only two boita at each connection. 

At the point f, where two pairs of braces moot, one 
pair may be cut off at the meeting, and a 4 by 6 inch 
piece introduced, lapping 2 feet between the cut pieces 
(reduced each J inch iu thickness, inside, to the extent 
of the lap), and secured by 2 bolts and I pin of 1" 
idiameter; the upper end passing between the opposite 
Iraces. the latter being boxed J" inside, to afford room 
for the 4" piece; and the whole secured by a single 
Ij" or 1 1" bolt through chord and braces. 

The connections at the lower chord are somewhat 
! complicated, but involve little difficulty. The 
Iwst connection at a, is made by cuttiug a vertical 
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Bhoulder or heading \" deep, upon both sidos of the 
half chord, as shown by the vertical dotted line in the 
diagram A, Fig. 66; the brace being forked with 
counter shoulders upon the inside. This affords 36 
square inches of shoulder surface, which, assisted by 2 
bolts of 1" diameter, give 50 square inches, to with- 
stand less than 44,000fi>s. The end of the brace is 
thus made to bear directly upon the abutment without 
any crushing action upon the chord. 

At 6, the space in the chord is 12'', while the verti- 
cals descending parallel, would occupy 11". But ^v- 
ing a divergence of 2\'\ and boxing f " upon the inside 
of chord timbers, leaves a space of Q\" between verti- 
cals at 6. Then, boxing bh \"' upon the inside at the 
crossing with w, there will be a 3'' space between 
.braces bh at 6, and a thickness of i^" (of the pieces hh) 
between the verticals bi ; also, a shoulder of 1\" upon 
the outside, which may be made to act vertically in a 
boxing upon the inside of 6/, thus securing the requi- 
site bearing surface for the thrust of 6A. Thus ar- 
ranged, the point should be fastened with 2 bolts and 
1 pin of If diameter. 

The piece bj will have 3'^ in thickness at 6, and will 
be furred out, if necessary, to fill the space at^. 

The space at c is 10" ; and, eg being shouldered J" 
at the upper side of the chord at c, and boxed \" at the 
crossing with hd^ the point c may be secured by 2 
bolts and 1 pin of 1 J" or 2" diameter. 

A \" boxing of df at (/, upon the inside, leaves a 
thickness of 9", being V greater than the space in the 
chord, and the pieces df therefore require a further re- 
duction in thickness upon the outside between chord 
timbers, of \" upon each. The point d^ requires 1 J" 
bolts and pin. 
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The two single dingonaU meeting at c, may be 
halved into one another at the crossing, and a 3x11 inch 
pitcfl lapped and locked on to each, as shown 
by a a in Fig.67 ; thus serving to fill the space 
in the chord, and to restore etrength to the 
diagonals. The lap pieces are to be reduced 
to 2j" in thickness below the lock at I. 
Two IJ'' bolts are sufficient at the pointe. 

Transverse joiists, or floor beams may 
be placed upon, or suspended below either 
the lower or upper chords. Sway bracing 
may he locked and bolted upon the upper 
chords, and iron X tie rods used at the lower 
chords; the beam timbers being shouldered 
against the inside of cords, so as to strut 
them opart against the action of the tics. 

Angle braces from the king brace ai, to a transverse 
beam from truss to truss at i, will ]itd in preserving the 
erect position of trusses. These braces should usually 
be lapped and bolted at the euda, so as to act by either 
teDsioQ or thrust 

The preceding specifications, it is hoped, will serve 
to make the peculiarities of detail in the kind of truss 
ander consideration, properly understood. It may be 
deemed ad^Hsable to adopt the rectangular, instead of 
the Trapezoidal form of outline for the truss, by extend- 
ing the upper, to the same length with the lower chord, 
inaertiug vertical posts at the ends, and exchanging the 
double vertical bi, to a single diagonal meeting the up- 
per chord and end postal their point of junction ; thus 
BimpltfyiDg the connections at b and i. 

This modification, unlike thecase of the trapezoid irttA 
verticals, involves no increase in amount of action upon 
materials, though it increases the number of members, 
■nd changes the manner of distribution of the action. 
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MODULUS OF STRENGTH, FOB BRIDGB 

TRUSSES. 

It is shown in preceding pages of this work^ that, 
knowing by experiment the strength of the materials 
to be employed, we may calculate the necessary cross- 
section of each part of a bridge trass, in order that it 
may sastaiu a given load, with a ^ven stress upon the 
materials. 

It is sometimes, however, a satisfaction to have a 
confirmation of the correctness of our calculations, by 
direct experiment upon the same combination com- 
plete, which we propose to employ for actual use. For 
this purpose, instead of applying the test to a fulfsixed 
structure, which would involve a great deal of labor 
and expense, the test may be applied to a model, made 
in the true proportions, upon any scale. 

Now, it is obvious that with the same combination 
and arrangement of members, the stresses, whether 
positive, negative or transverse, produced upon the 
several parts by the acting forces, vnll be in proportion, 
throughout, to the weight sustained, whatever .be 
the laigth of pieces ; such stresses being determined by 
the positions and angles, and not by the lengths of 
pieces. 

It is further manifest that the ability of parts to 
withstand the effects of the acting forces, must be as 
the cross-sections of parts respectively ; and in similar 
modelsj the parts, being similar solid figures, have their 
cross-sections as the squares of the magnitude of scale 
upon which they are respectively constructed, while 
the bulk and weight of each corresponding part, and 
of the combinations complete, are as the cttbts of the 
magnitude of scale. 
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Then, asaumlug two similar modele, the scale of oue 
beiug m limes as great as that of the other, the weights 
which they will respectively bear, uuder the aame 
Btresa of material, will be as W to Wwi", while their re* 
Bpectlve weights will he as 1 to m*. 

Now, dividiug the sustainiug power of each by its 
own weightjthe quotieuts are as W toW — , or as W to 
— . Bat the leDgtha being as L to Lm, if we multiply 
the (juotienta just found by respective lengths, we have 
\\L for the oue, and Lm W -*■ m, ™ WI* for the other ; 
abowiug that the length of a model truss by the num- 
ber of times its own weight which it can hear (with % 
given stress), is a constant quantity, whatever be the 
scale of such model. 

Agwn, the quotients W, and - , multiplied by the 
lengths L and Lm, give the products WL, and x Lm, 
equal to \VL. Hence, the product of a truss medal into 
the number of times its own weight which it is able 
to sustain, is also constant, whatever be the relative 
values of the two factors. 

It follows, that making these two factors variable, 
and representing thera by Q and L, the oue increases 
»t the same nito at which the other is dimtnishod ; and, 
vhen Q— 1, L mast be equal to (he greatest lenglli 
ftt which a truss of the same plan and proportions, and 
aiider tlie enme stress of materials, can sustain its own 
weight alone. - 

This length, aa wo have seen, is determined for a 
model t^K>n any plan, constructed upon whatever scale, 
by multiplying the length of model by the number of 
it* own weight it is capable of aastaiDtng. 
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This product may be called the Modulus of Strekoth^ 
and the plan of truss which gives the largest Modulus, 
may fairly be regarded as the strongest plan. 

The Modulus may refer either to the actual break- 
ing load, as found by experiment, or to the load pro- 
ducing given rates of strain upon materials, as 
determined by calculation. 

Examples. 

(1). A bar of cast iron 1 inch square and 12" between 
supports, will bear (at 6,000ft)S. to the inch of section, 
upon a leverage equal to depth of beam), a distributed 
load of 4,000fl)8. which divided by its weight, ■■ say 
8.129t)s. gives Q = 1250 ; and L being I foot, the Modu- 
lus - QL, = 1,250 feet. 

(2). A beam of pine timber 12' long and 6" square, 
at l,5009t)s. to the inch upon a leverage equal to depth, 
as above, bears a distributed load of 18,0001bs. [cxlh.] 
For the weight, say 3 cubic feet at 36ft>s. » lOSfts. ; 

whence, Q = ^^ « 166.6, which multiplied by L 

(- 12') gives Modulus equal to 2,000 ft 

By reducing the length of the beam just considered, 
to 6 feet in length, retaining the same section, it would 
give a Modulus of 4,000 feet, instead of 5,000, as given 
in the Appendix to my former work ; the difference 
arising from the assumption of a smaller specific 
gravity for pine in the latter case. 

(3). The two panel model with chord and rafter 
braces, mentioned in the latter part of § [clviii], 20" 
long, and weighing 0.18&>. supported a load equiva- 
lent to 3,885 times its weight, while L » If feet ; 
whence, 8,885 xlf ^ 6,475 feet, » its Modulus. 
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(4). A model wooden trnas 4 feet long, made many 
years ago by the author, ou the plan of the truaa Fig. 
66, having 10 panels, and a depth equal to jV of its 
leiigth, weighed 0.91bB. and bore a distributed load of 
600B)9. Hence, the modulus of the truss was ^-g x 4 
- 2,664 feet, being more than half a mile. 

The mod<?l was somewhat strained bat not broken ; 
and recovered its normal shape and condition on re- 
xaoval of the load. It was subsequently scut to the 
TJ. S. Patent Office. 

These examples, however can not be taken as in> 
dices to the relative merits for general use, of the 
difibreut forms of truss to which they refer. Each 
possesses qualities suited to special occasions. 

(5). A model of a 6 feet Trapezoidal Iron Truss {the 
first ever constructed), weight a little leas than three 
pounds, sustained 700S>8. distributed, without any ap< 
peftrance of overstraining ; thus showing a modulus of 
^ X 6 ™ 1,400 feet, with an estimated stress upon the 
chord, at the rate of about 16,0001b8. to the square 
inch. The model represents a truss of 144 feet, upon 
a scale of ^ inch to the foot. The sustaining power of 
a foil sized truss in the same proportions, would be 
700 X 24*, — 403,200B)S. while the weight of truss would 
ei^ual 3 X 24* — 4I,472tb3. Doubling this for two 
trasses, and adding, say 10,OOOSt>s. for beams, Ac, we 
have 92,944ft3. for the weight of a 144 feet bridge, 
capable of sustaining, at a stress of 16,000lb8. to the 
■quare inch upon the chorda, over 356 net tons beside 
weight of structure. 





ChXV. The present ia uiidoubtedl; diatingaiabalilo 
from all preceding periods of history, hy the increased 
amount of locomotion, both of persons and property, 
which takes jilace both by laud and water. IlenGC, 
the frequent crossing of one another by land and water 
lines of transit, as well as the crossing by the former 
of nimavigable waters, nud of streets and ravines, 
eroatoaa large demand for the construction of Bridqes ; 
which forms the special subject of the present volume. 

Furthermore, as convenience otlcn requires that 
tlieeo intersecting lines by land and water should oc- 
cupy BO nearly the snme elevation that both eau not b« 
nsed at tlie same moment, a necessity arises for the 
frequent construction of DrawUhidoes, which may be 
temporarily withdrawn from over tbo water highway 
(luring the passage of water craft, and replaced for the 
transit of land vehicles. 

Cases requiring the construction of draw bridgCR 
occur BO frequently at the present day, that a treatise 
npon bridge construction may be considered somewhat 
incomplete, wliich does not embrace the construction 
of Drau! Briili/fs, us well as stationary structures. 

The subject of Draw Bridges having been omitted 
in the preceding edition of this work, it has come to 
the knowledge of the author that such omission has 
occasioned disappointment to some who have mode 
QBO of the hook. In consideration of this, ns well at 
the fact that the author bai^ originated some plans and 
dericea which he believes to he valuable niul useful in 
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the construction of draw bridges, the current chapter 
is introduced in the present edition, in order to make 
the work as satisfactory and useful as may be to those 
who may have occasion to consult its pages. 

The present design is not a historical Bketcb of the 
construction of draw bridges, but to give the author's 
views, derived from experience, observation and in- 
vestigation, as to the most direct, feasible, and conven- 
ient means of accomplishing the ends requiring the use 
of such works. 

CLXVI. The indispensable requisites of a draw 
bridge are, first, strength to sustain with safety the 
weight of the land traflSc, and second, mobility, ena- 
bling it to be withdrawn, so as to aflTord suflicient width 
of unobstructed water way, and sufficient head room 
for the passage of the water traffic. Hence, strength 
combined with lightness is a desideratum. 

Draw bridges, as hitherto constructed and used, 
may be distinguished into three classes; Retractile, 
Swing (or pivot), and Lift Draw Bridges. The former 

Fio. 68. 
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are withdrawn bodily, either in the direct line of the 
land traffic, or obliquely, so as not to come in conflict 
with the stationary portion of the way ; as represented 
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Fig, 68, where CCfltiowa tbo water cliarmel, DD, tlie 
raw closed, nnd D'D', the draw open. 
In case of direct retraction, the draw must either oc 
py 8 higher position than the permanent way, so as 
be drawn back over a portion of it, and the two 
ilancs connected by an inclined apron {a plan not 
"ible for rail roads), or a portion, a (Fig. 69), of the 
ay at the heal of the draw proper, J}, withdrawn late- 
illy, as to the position of a', to make room for the 
ongitudinnl withdrawal of the draw proper. 
Fio. 69. 



Those movements are effected by having the mova- 
tie bodies mounted ui)on wheels or rollers, running 
Ipon hard level ways, so as to reduce the amount of 
riction, and consequently that of the required motive 
Mjwer, to a minimum. 

But retractile draws, though they may be slill used 
D a few cases, and under peculiar circumstances, must 

I regarded as nearly obsolete, having been mostly 
Dpersuded by the swing draw, which haa important 
dvantagcs in convenience of construction and opera- 
No practical details, therefore, as to the con- 
truction of retractile draws, will be given at this 

me, as such details if given, would be almost certain 
r to be adopted in practice. 

OLXVIL TheSwingor Pivot draw is either mounted 
in a pivot P (Fig. 70), in the vertical line through 
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its centre of gravity, or upon wheels or rollers running 
upon a horizontal circular way or track tt, with its 
centre in said vertical line ; or what is more common, 
the weight is divided between a central pivot and the 
track and rollers. 



Fig. 70. 




J 



It will be seen that by this arrangement, the draw 
has only to be gyrated through a quadrant, to bring it 
to a position parallel with the side of the navigable 
channel (7, and leave the latter unobstructed. It is also 
obvious that the draw having its centre of gravity at P, 
the moments (with respect to P), of the portions or 
arms on opposite sides of P, must be equal, whatever 
be the relative lengths of those portions ; whence, in 
general, the length of arm spanning the water channel 
being given, the shorter the other arm, the greater 
must be its weight, though the exact proportion will 
depend upon the disposition of material, whether near 
or remote from P. 

It follows that it is usually little if any more expen* 
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sive to construct or work a draw with two equal arms, 
and covering two equal water channels (which is often 
highly advantageous), than one having one short arm, 
with extra weight as a counterpoise to the long ann. 
This is not the case as to the retractile draw, which 
shows one advantage in favor of the pivot draw. 

Equal arms also serve to balance the action of wind 
upon the pivot draw, which often eflfects a serious 
drawback to the convenient working of the swing 
bridge, and this would seem to give some advantage 
to the retractile draw, over the swing draw with une- 
qual arms. 

The portion extending over the water channel, in 
both the retractile and the swing draw, require the 
same weight of material, and the same counterpoise 
toward the opposite end. Consequently, the weight 
to be moved in working the draw, requires to be about 
the same in both. But the retractile is to be moved 
bodily, and if withdrawn obliquely at 45° with its 
longitudinal axis, must move through a space equal to 
the width of channel multiplied by \/2. If withdrawn 
in the direct line of its length, it moves over the width 
of channel, in addition to the movement required for 
the displacement of the section of road (a. a', F. 69), 
equal in length to said width of channel, making an 
amount of movement about equal to that required in 
case of the oblique withdrawal. 

The swing draw, gyrating about its centre of gravity, 
the amount of movement equals twice the weight of 
the long arm (the one spanning the water channel), 
moving through the quadrant of a circle with a radius 
, equal to the distance of the centre of gravity of said 
long arm, from the centre of motion ; which distance 
is about 55 per cent, of the width of channel, allowing 



dM ffr-tfinff^ of Ae eentre of motioo back from the 
wacer s edge. The iength of the q[iiadnuit equals 
about LdT Ba<L, md, denoting the width of channel by 
C, and iobstitadng 9mC tor Bad^ we have 1.57 x 
mC X Swt. of loBz half of draw, ^ qoantily of move- 
ment, » 0.^63dC X wt. of draw ; a»aming the weight 
of draw to be e^oal to twice the weight of the long 
halJL If the short arm be heavier than the other, the 
^pace traversed bj its centre of gravity is less in like 
proportion. 

Hence, the quantity of movement in working the 
retractile draw, is to that of working the swing 
draw, aboat as C^'2 to 0.8635C; being some 63 
per cent, greater tor the former than for the latter. 
The difference in the required power for working the 
draws respectively, may be assnmed to be about the 
same, as the appliances for effecting the movemeut 
Lave about equal advantages, and the resistance to mo- 
tion is about the same in the two cases. 

This decided advantage in fsLXor of the swing draw, 
with no apparent offset in fiivor of the retractile, is 
sufficient to account for the prevalent discardment of 
the latter, and adoption of the former ; as well as for 
its being here referred to as an obsolete device. 

CLXVUL The truss work of the swing draw when 
ill motion, being entirely supported by the pivot at the 
eentre of motion, and the wheels or rollers a few feet 
therefrom, obviously suffers a reversed action in the 
upper and lower members, from what they would 
suffer if supported at the ends. That is, in the former 
case, the upper members are exposed to tension, and 
the lower, to compression, instead of the reverse, 
which takes place in the latter case. 
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Two piaiis have been employed lor meeting these 

I conditions ; one of which is the use of parallel chord 

trasses, with the upper chord to sustain tension with 

occasional compression upon the end portions, and tho 

lower chord to sustain compreasion, with occasional 

\ tension upon parts toward the ends. 

CLXIX. The other plan is, the construction of 
trusses {ab Fig. 71), from the turn table t, to either end, 
acUng upon one another by compreasion at the lower 
chord through or over the turn table, and auataiued at 
tho outer ends hy oblitiue suspension rods or cables, 
eb Uid/U, descending from tower frames erected over 
I tbc turn table. 

Via. 71. 




^e trus3t;8 may be constructed upon any plan suita- 
ble for a stationary bridge of like span. But the lower 
chord must be capable of sustaining compressive action 
iu the direclion of its length, equal to the excess of 
horizontal force of suspension rods rh and fit, over the 
tension of respective parts of said lower chord, due to 
w«ight of structure. 
The horizontal action of eb, equals half the weight 
L of tho long arm ab, multiplied by ^, and It is advisable 
I that tlie chord gb bo able to sualaiD that amount of 
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compression throughout, though some deduction may 
be made in the central portion in case economy cSan be 
promoted thereby, as perhaps may not be the caso to 
any considerable extent 

The lower chord gh^ is relieved of tension through- 
out its whole length by the action of eby which must 
continue nearly or quite at its maximum while loads 
are in transit, as the end b will seldom be raised when 
unloaded, so as to relieve eb to any considerable extent ; 
while the tendency of load to elongate the lower chord, 
will also tend to increase the tension eb^ and may in- 
crease it considerably beyond what it endures from 
simply sustaining half the weight of the truss. But 
this point can not be precisely determined. 

These facts may properly be considered in propor- 
tioning the lower chord; but the matter should be 
handled with caution, and with a constant leaning to 
the side of safety, in case of any uncertainty in regard 
to the amount and kind of stress upon the various 
parts. 

In case of unequal arms, as represented in the Figure, 
the short arm will generally require a greater weight 
to be thrown upon the king post /A than upon eg^ upon 
which two (regarding at present only one side of the 
bridge), the weight of superstructure is concentrated. 
It therefore becomes necessary, in order to a uniform 
distribution of weight upon the turn table, that a por- 
tion of this excess be transferred from /A to eg^ through 
the tension of ce and /la, or by equivalent means. But 
assuming that the reader is versed in the general modes 
of calculating strains, as explained and illustrated in 
this and other works treating of the subject, I shall 
not go much into detail in that branch of the matter 
in hand, at this time. 
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Tlie trusses being cODstriieted upOD any apiiroved 
I'luD from turn tnltle to a<]jaceDt abatmeiits or piers, 
und proportiom;il as for stationarjf bridge spana, witli 
the exception ol llie rigid lower chord as above re- 
ferred to, extending acroaa tlie turn table; and tlio 
tower frame erected, the rod or cable eb must have sec- 
tion Bufliuicnt to bear a tension equal at least to balf 
the weight of the arm ab, raultiplied by ^. The rorl 
jU will have tension determined by the diaposition and 
iiraonnt of ballast upon the arm <■</, as well aa the 
weight of the arm t'rf itself. The tension of /J will 
generally exert less horizontal action than eb, and the 
deficiency of horizontal action must be made np by 
the horizontal action of ec and n/i, in order to bring 
the centre of pressure over the centre of the table. 
The horizontal action off/ (equal to its full tension), 
must be equal to that of eh, less tliat of ec ; or, equal to 
the horizontal action of /J. 

Bnt these several stresses are easy of calculation by 
modes, it is bcHeved, clearly explained in the present 
work, and from such calculations the following result* 
arc readily obtained. 

CLXX. Representing the constant panel weight of 
the arm ah by to', the maximum variable panel load by 
IT, and w+w' byW, as usual in this work ; also, making 
r -» ag, = ar, and A «■ horizontal panel width, wo havo 
the horizontal action of c/i equal to hw'x 2^.~25ic'-. 

The stress of-;/' due to a maximum groiuf load, in the 
two middle piiuels, equals HW-. Tliat in the next 
panel each way, -= S)W-J, and in the next, fij W^, while 
the stress of the two remaining panels on the right, 
eqiiuls 4JW-, and on the left 2jW-j, and zero, respect- 
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ively. Then, assuming W » ^w'^ the stresses of res- 
pective portions of lower- chord due to a max. gross 
load, in terms of u?^ equal w^^ with the coefficients 
44, 86, 26, 18, 10 and ; showing that the tension of 
eb counteracts over ^ the tendency toward tension on 
lower chord, as to the two middle panels, over ) as to 
the two next panels, and suhstantially the whole, as to 
the remaining parts of said chord, in a structure ar- 
ranged as in Fig. 71, and with w =» Zw\ 

On the other hand, the minimum tendency to ten- 
sion on the two middle panel lengths of lower chord, 

is 11m;'-. Hence the compression of 25z(?'— upon those 
parts, due to the horizontal action of e6, is reduced (by 
such tendency to tension), to (25-ll)t(?'-, = 14m?'— ; 

and, to (25-9) ?^'-,=16w'— upon succeeding panel- 
lengths, either way, while for succeeding panel-lengths 
toward 6, the coefficients of m?'- are 18J, 20J and 20J, 
and for those toward ff, 18J, 22^ and 25. 

The maximum thrust and tension for successive por- 
tions of the lower chord, beginning at the turn table, 
are, for part over turn table, and first panel-length from 
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The other members of the truss ab are subject to the 
same stresses as if it were a stationary bridge truss; 
and, if the structure have equal arms, the stresses upon 
members of the opposite arm, will of course be the 
same as upon corresponding members of the arm ab. 
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ULXXL If t^ have half the leugth of ab, its weight 
will balance the half (^C),- of ab next the turn table, 
while the half 0> must be counterpoised by extra weight 
upoa cd, hiiviug moment equal to that of Cb, with res- 
pect to a transverse axis through the cenire of motion ; 
and the stress of fd will be determined by its length, 
and the weight sustained by it. In case the extra 
weight be uniformly disposed upon the two outer pan- 
els, 1 of it, together with J the weight of the arm ctl, 
(= 21io'), must be sustained by (//, aud the weight of 
ballast will be 6W' X ^^^ig, J of which, added to 
2|ip', equals the weight Bustained hj fd, whence we 
obtain the tensiou of ^i^, ita horizontal action, and the 
complementary horizontal action of ce, required to ba- 
lance that of eb. 

In this case, the members meeting at the points e 
and/, should have unyielding connections by ptna and 
oyes, or screws and nuts. But in case of equal arms, 
d/eb may be continuous cables (usually one on each 
side of each truss), attached at f> and tl, and acting by 
fiimple pressure at e and /, those points being strutted 
apart by a force equal to ow' (" vertical pressure at r), 
x% The piece ac should have loose connections at 
the ends (so as to act by thrust only), or what is better, 
should be omitted entirely, and the single pair of diag- 
ouals inserted as indicated by the dotted lines /g and 
eh, instead of shorter ones, cf, etc., so as to give free 
and independent action to the trusses either way, by 
& slight springing of the luug king posts, as the trusses 
are deflected by load. 

The tension of fd modities that due to the chord hd, 
on the same principle explained with regard to cb and 
ffb, and to an extent dcterminod by the length of c^A, 
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and other conditions, and which can not be expressed 
in a general formula. 

CLXXn. Proceeding to the other case mentioned, 
and which may be illustrated with reference to Fig, 72, 
both upper and lower chords require to be so con- 
structed as to be able to act both by tension and thrust, 
except as to the part across the turn-table, and one, 
two, or three panels either way therefrom, as circum- 
stances may require. 



y 



Fig. 72. 
x u t s T q p "n m 




When out of contact with the abutment at Z, the 
diagonal In sustains (using the accustomed symbols), 
^w'j and kOj etc. to 6a:, sustain respectively and succes- 
sively w' with the coefficients 1, IJ, 2, 2J, 3, 3J, 4, 4^ 
and 5. These weights determine the stresses of those 
members, due to weight of structure (and also show 

for xy, a tension of 50m?'—, including the horizontal 
action of xz^ if any), and show for several of them 
toward the right, their maximum stresses. But when 
the end I touches the abutment, and is in position for 
the transit of loads, and weight is imposed upon any 
part between a and 6, the materials yielding more or 
less in consequence of elasticity, a portion of such 
weight bears at l^ and the remainder at a. 

If the upper chord were relaxed between x and y, 
the respective portions of weight bearing at a and I 
could be readily determined, being the same as in case 
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of an ordinary trasB. But the portion of chord xy 
beiDg undur tension equal to 50m'-, as already stated 
(regarding the abutment ne gustuiniiig no weight of 
etruclure), the truss must act in the manner of a beam 
continuous over one support, and discoutinuous at the 
next, HO that, when loaded, there will be a neutral 
point where the action upon chords changes from ten- 
sion to tliruBt and tlie contrary. 

Now the tension of X!i-\-\ioT. nction of xs, equal to 
50u)'-, must be exhausted by the hor. ac. of bx, ex etc., 
before any compressive action can take place upon the 
upper chord. In other words, diagonals incliuing to 
the letl, with trues fully loaded from « to /, must esert 
a hor. action at the upper chord greater than those 
inclining to the right {including with the latter the 
hor. thrust of /»t), by 50ic'-. 

Then, assnniiug all the weight at the points i,j. A', 
and \ of that at g, to bear at I, and all at the six points 
from g to b inclusive (except J "W at g\ to bear at a, 
the horizontal action toward the left upon the upper 
chord, equals 7W-^ ; and that toward the left, lajW-^ ; 
the difterence being 12iW- ; and if W « 4'r', then 
12iAV ™ 50ir', showing that the action toward the right, 
npon the upper chord, is just equal to that toward the 
left, including in the latter, the action of ry and xi, 
Tlence it will be seen that under the conditions here 
assumed, the horiJinntal action of vtl, mj, mi and ng, ia 
just equal to that of ^-j fs and et iu the opposite direc- 
tion, and consequently, tin alone of the upper chord is 
subject to compression, and el alone of the lower chord, 
subject to tension, while (If and ut are neutral ; ad a1- 
Tray« nnder compression, mid ly/ always under tension; 
■ince this condition of loud obviously throws a greater 
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bearing at I than can occur when the opposite arm is 
wholly or partially loaded, so as to bring greater ten- 
sion upon xj/y and exert greater counterpoise action 
upon the arm al. Hence this condition gives the max- 
imum compression upon the upper, and the maximum 
tension upon the lower chord, 

CLXXnL What the diflference in amount of bear- 
ing at I may be with both arms fully loaded, can not 
easily be determined with precision. But as to Fig. 
72, it is deemed entirely safe to assume that at least 
all the weight at j and k will bear at 2, in all cases of 
load sufficient to produce a maximum strain upon any 
part of the structure on the right from the point a; 
and that all the weight from 6 to i, including those 
points, may bear at a. This will depend somewhat 
upon the firmness with which the ends are brought to 
bear upon abutments when in position for use, but 
without load. 

Under the above supposition as to bearing at /, the 
obliques nU and mj would exert horizontal action equal 
to 8W— , and equal to that of iffy and half that of ^r in 
the opposite direction ; whence gl alone of the lower 
chord is under tension, and rm of the upper chord, 
under compression ; but in neither case under maxi- 
mum stress. On the contrary, ag is under compres- 
sion, and rx under tension, being in each case a maxi- 
mum stress upon a considerable portion of those parts, 
as will be determined by comparing the strains of 
respective parts in the present assumed conditions, 
with those obtained while the structure swings clear 
of abutments. 

Bepresenting, as usual in this work, the long diag- 
onal by D, and the short and steep ones by d', we have 
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"-and- fuctors ia oxpressioiia of stresses of those 
classes of membera respectively, and for couvenience, we 
1 Bubstitate m for- and n for ~. Then, stress of 17 
I and 5T, in case of full load upon both arms, equals 
•"Wm, for each; That o( /s and d equals 2Wm, tliat 
|of (^i( an ex equala 3Wqi, and that of bx equals 4Wn. 

CLXXrV. As to the stress of chords, half the liori- 
ZOXtta\ action of ^r, being taken by the excess of thrust 
of mr over bor. action of !•],* the other half, ( ="W"-J, is 
opposed by tension of rs, and compression of a/". This 
added to 4Wp for hor. action of/sf (making ~ — p], 
tnalces SWp ™ tension of «(,=■ comp, offe. Add 4Wp 
for action of el, and it makes 9Wp = tension of /«, = 
comp. of erf. Adding again GWp for hor. action of dii, 
gives 15Wp — tension of i«, = comp. of dc. Then, 
adding 6Wp for action of ez, gives 21'Wp — comp, of 
Ic, and lastly, adding 4Wp for action of bx, we have 
SSWp = comp. of Una', — horizontal action of rj/ and 

■- This all falls upon xif in case of equal arms. 

In one or other of the three cases above considered 
(namely: first, arm swung clear and without load; 
Bccoud, arm xt fully loaded; third, both arms fiilly 
loaded), every part of the arm xl undergoes its great- 
est strain, which may be determined by comparing the 
resnlta obtained by computing the strains produced in 

'The iW u|H)n m[, and IW upon jm, prodare tliriurt oquBl ki 
'J W~ ppoD mg, which niu&b tlie horlionUl action oHq, + b«lf thftt 
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the several cases ; § except that qf aud fo may suffer 
a Dominal stress, not precisely determinable, under a 
load progressing from a to L Also gn may sustain 
some more weight with t, J and k unloaded, than with 
the truss fully loaded. It is deemed safe to provide 
that gn be able to sustain a weight of f W; /o, to sus- 
tain |W, and epj }W, a little more or less* as the judg* 
ment or calculations of the designer may dictate. 

The preceding explanations are thought to be suffi- 
cient to guide as to the computation of stresses upon 
the other arm of the bridge, whether equal or- unequal 
to the arm aL 

The superstructures of swing bridges should be 
thoroughly cross-tied and braced laterally, and the 
king posts (represented by ax and yz)j well secured by 
arch braces or other efficient means transversely : and 
if the space az be too great for floor joists or rail string- 
ers without intermediate support, an intermediate beam 
may be suspended from the crossing point of ay and 
zZj or stringers may be trussed. 

CliXXV. Whatever advantages either of these plans 
(Figs. 71 and 72), may have over the other, are pro- 
bably not very great. I find a greater amount of ac- 
tion (stress into length of parts), upon material in 
chords of the long arm, in plan Fig. 71, including the 
suspension rod f6, than in that of Fig. 72, by some 5 

§ It will be seen that tu is under less tension strain (as 2Mp to 
86tfl^p), and ts under greater strain (as 21 to 20), when the troas is on 
the swing, than when fully loaded on both arms (upon the aboTo 
assumptions of W'mSvf, and 2W bearing at t), and that tn baa the 
max. tension with bridge on the swing, while tx has its maximom 
with bridge fully load^. mn is always under compressioii. In the 
lower chord, e is the changing point, and parts at the left have th^r- 
max. comp. with bridge fully loaded, and those on the right, wheik 
on the swing. 
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per ceut. And while the action upon diagonals and 
verticals may be a little greater ia case of the latter, 
the extra material in the tower frame of the former, is 
thought to bo an overbalance for any snth excess, even 
incloding the greater thrust and tension in the con- 
tinuiition of clionls over tlio luru-table, which takes 
I'lttce in plan Fig. 72. 

In regard to convenience of construction and appear- 
ance of etruetiire, also, as well as economy of material, 
the latter pl»D is thought to possess some advantage. 
Still opinions and tastes may vary aa to this, as well aa 
in regard to other matters, 

R(^arding the ratio of length to depth of truss, the 
same rules should govern in phin 71, as in the case of 
stationary bridges of like spun. In spiinning channeU 
of 50 or tiO feet in width, on plan 72, the head room 
re(]nired for the Iraflic will govern, and depth from l.> 
to 18 feet, according to span, and the purposes of tliv 
bridge, whether for common or railroad travel, will 
probably be found expedient. In general, circnm- 
stancee will probably dictate a variation of ratio (of 
(loj'tli of truss to length of span), ranging from § to |. 

TrKN Table. 
CLXX\'I. The same plan of turn table is opplioablu 
with equal advantage to either of the two above de- 
flcribed plana of swing bridge trussing. 

A common, perhaps the most common, form of luni- 
t«ble for draw bridges, is composed of rollers an. 
Fig. 73, arranged in circular form, and rolling between 
two metallic circular rails, of which one, bb, is fiistenod 
to the supporting pier p, and the other, ec, inverted, 
>Dd attached to the under side of the bridge supcr- 
ietur«. 
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The rollers are ia the form of conic frusta, or seg- 
ments of cones having their vertices meeting at the 
axis of motion of the bridge ; and are retained in pod* 
tion by arms radiating from a central hub, and serving 
as axles for the rollers; or secured by a circular frame, 

FiQ. 73. 




ff^ formed of two concentric iron rings (shown com- 
plete in the upper, but only in section in the lower 
diagram of Fig. 73), one inside, and the other outside 
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of the circle of rollers. The rollers may either turn 
upon pins through their centres, and through said rings, 
or the pin or Hliaft may be fast in the roller, and turn 

th it upon journals running in gudgeon hoxos 
Attached to or formed in the circular frame /. The 
|tiDfl or axlea may be quite small (say 1" to IJ in dia- 
meter), as they support but a nominal weight, and are 
only required to maintatn the proper positions and 
directions of the axes of the rollers. 

The roller frame, as well as the upper circular rail 
running upou the rollers, miiat be connected with a 
central hub for each (as they do not turn together), 
turning upon a journal or pivot attached to the ma- 
sonry of the supporting pier. The rails, or surfaces 
"between which the rollers work, are beveled to fit the 
conical faces of the rollers, and, in order to work in 
the most perfect manner, they should he of cast iron, 
Aud turned off hy a tool carried by the arm of a heavy 
revolving vertical sbal^. 

The diameter of the circle should not probably ba 
less than J hi J the span of the water channel, nor less 
than jl to j the width of superstructure, aud the diu- 
Dieter of the i-ollers, not greater than tV to J of the 
radius of the circle upon which they travel. Greater 
diameter would give so much obliquity of face as to 
|>roduce too strong a centrifugal tendency. The face 
of tlie rail should have a width of 2^ to S inches 
generally, and for some 30° opposite each king post 
(transversely of the bridge) when the draw is in position, 
a width about twice as great, and as great as the lace 
of the rollers. Thisis togivcsutKcient bearingsurface 
while loads are passing, when nearly the whole weight 
will bo concentrated upon two or three rollers near 
each of those positions. 

*3 
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The lower rail shoulcrhave a depth (if of cast iron), 
of 4 to 6 inches, according to size of bridge ; and the 
upper and inverted one, of one to two feet (the deeper 
the stiffer), and in both cases, they will generally be 
cast in segments, and those of the upper one, bolted 
together by flanges, so as to form a rigid hoop, over 
which one or more strong beams, BBy crossing at quad- 
rantal points ee, etc. (or at the angular points of any 
rectangle inscribed in the circle), should form supports 
for the kingposts (ojr, and cA,Fig. 71), thespace^A, being 
adjusted to an equality with the side of the inscribed 
square or rectangle of the rail circle. And, the nearer 
the transverse distance between king posts comes to 
the length of the other sides of the said inscribed square 
or rectangle, the less stiffness of beams, BBj is required ; 
that is, CCj F. 73 representing truss chords, and dd^ the 
positions of king posts, the nearer the d points come 
to the e points, the less is the transverse action upon 
the beams BB. Ilence it is desirable that the circle of 
rollers should pass directly under the points ddy etc. 

OLXXVIEL An intermediate beam may be in- 
serted between BBy and over the centre pivot, resting 
upon the circle ccy to support floor joists or rail 
stringers over the long stretch between BB. Or very 
stiff diagonal girders e?e, and cV, firmly attached by 
the ends to the circle cCy meeting a common nucleus at 
II, and so arranged as to have an adjustable bearing 
upon the centre pivot (5 or 6 inches in diameter, as to 
size of draw), enabling any desired amount of the 
weight of structure which such girders can support, to 
be thrown upon said pivot, and thereby relieving the 
rollers, a, of a like amount of pressure. These girders 
should have the greatest practicable depth, so as to sus- 




luiii lis great & proportion of the weight of superstruc- 
tare aa may be. But the akill and judgment of engineers 
ill cliarge of specific cases respectively, will dictate aa 
to the minutiae of these devices, and more precise de- 
tail will not be attempted in this place. 

CLXXIX. This plan of turn table, as well as the 
one hereafter to be described, is worked hy a vertical 
ahuft attuehed to the superstructure, and turned by ono 
or more sweep levers, with a piuiou at the lower end, 
taking into toothed segments attached to the circular 
trook b, ot to the masonry of the pior p; and, in case 
more power be required, a gear wheel takes pinco of 
the sweeps above mentioned, and these are transferred 
to a second sluift and piuton working into said gear 
wliool. 

The tuhio uhovc described, with slight modificutiono, 
is extensively iu use, and, when well constructed, un- 
doubtedly works as cosily and satisfactorily as can bo 
expected. 8titl, it is liable to some objections, among 
which may bo named the great weight of the ring cc, 
constituting or carrying the inverted roil, and the great 
number of rollcra,rt, so few of which can act with much 
cfl'ect at the same time. For, it is obvious that about 
two rollers under each king post, support essentially 
the whole weight. It is therefore proper that when 
the bridge is in place, each king post should stand cen- 
trally between tjvo consecutive rollers; and, that the 
rollers be at equal distances apart. Then there will 
be at least 8 rollers under equal pressure at all tiroes 
when loads are in transit, and when rollers receive their 
greatest pressure. But without discussing thia plan 
further at present, I proceed to dcacribe another swing 
bridge turn-table devised many years ago by myself, 
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acd nB«d in a considerable number of c 
Batisfectory reanlts. 




The Whipplb Turn Tablb. 



CXXX. I3 arranged witb a two wheeled track o^ 
Fig. 74, directly under each king post, and the four 
connected in pairs diagonally by an inverted triangnlar 
truss to each pair. These trusses consist of a hollow 
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Ci-|indrical (or conic segmental) brace t, runuiiig from 
each truck frame obIii|ue)y duvviiward to an abutting 
block c, which ia cummun to the two trusses, witli 
chords or ties d, from truck to truck for each pair. 

The truck wheels are from 20 to 24 inches iu dia- 
meter, with 5 to C inches width of rim, and with ehort 
axles or shafts, 3 to 4 inches in diameter, according to 
dimensions of bridge. The axles run iu jouraul boxes 
littcd to the truck>frame so as to briug the axles iu the 
direction of radii to tiie circular track ', upon which 
the tracks arc to run. 

The truck frame consists of two cast iron side plates 
(of which g and A present an outside and an inside view), 
nf an I formed cross section, and contour as aeeu at 3. 
These plutea upon the insides, have projecting portions 
aa shown by the dark surface of diagram A, meeting 
from opposite plates, in the centre of the frame ut a 
common surface of contact, and forming coutinuou^^ 
tnbes or sockets through the frame, which serve a.^ 
media through which the ties rf, act upon the cylindri- 
cal braces b, thus forming a rigid truss, which should 
be 80 proportioned as to be able to support (upon the 
two trusses), the whole weight of superstructure, throw- 
iuf; it upon the centre block c. 

The chord ties (/, of the two (rnssos, crossing one 
another upon the same level, are kept from mutual in- 
terference by cutting out the middle portion of oue 
eot, and replacing the removed part with two pieces to 
each tie bar, one passing above and the other below thu 
single continuous rods of the other set, as shown at/. 

The block c has a cylindrical cavity in the under side, 
10 to 12 inches in diameter, and about 7 inchea deep, 
into which is fitted (loosely) a atdid cylinder entering 
abont 4 inches into the cnvlty, nnd leaving a fipnce of 
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strncture to be raised essentially free from bearing ap« 
some 3 iucbes in thickness above, to be occupied by 
the nuts of a number of set screws s^ intended to force 
down said internal cylinder upon the bed plate i, and 
thus relieve the truck wheels from nearly all the weight 
of superstructure. 

The bed plate iy has a socket or step } of an inch 
deep, or thereabouts, with a hardened steel plate in the 
bottom, to receive the lower part of the cylinder bear- 
ing upon the plate i, where the diameter of cylinder 
and socket should be graduated to the proportion most 
favorable for reducing the amount of friction. A di- 
ameter of 6 to 8 inches is thought to be suitable for 
draws of 60 to 100 feet opening, while the part of the 
pivot block within the block c should have a diameter 
of 10 or 12 inches, in order to aiFord sufficient surface 
for the set screws s to act upon. 

The bed plate i, should have a rim about the step to re- 
tain oil, and the surfaces above and below the steel plate 
should have radial grooves to allow the penetration of 
oil ; and these (grooves) should be so situated as to admit 
of their being probed, to prevent their getting clogged. 

The pivot block should have guides to prevent its 
turning in the cavity of the block c; otherwise it might 
stick in the step, and the set screws slide upon its upper 
surface ; which has been the case in some instances. 

A groove should be formed in the under sid^ of the 
block Cj near the edge, to keep the water from the pivot ; 
and the screws 5, should be kept secluded from water 
by a tin, or galvanized iron cap shutting over a rim or 
.ring cast upon the block c, outside of the screw holes. 
Sufficient vertical movement (IJ or 2 inches), should 
be allowed to the pivot cylinder, to enable the elasticity 
of the braces and tics, b and rf, to be taken up, and the 
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on the wlieols f, us the bridge will move much more 
Busilj with llie bearing uiioii the centre pWot, than up. 

1 the truck wheels. 

The king poaia should be placed over the ceutrea of 
trucks, or, when this can not bo doae, they should bear 
upou transverse beauis which bear upon centres of 
trucks. lu all eases, the beariog upon trucks should 
be tlirough the mcdiuui of bolster plates so formed up- 
on the uuder aide as to touch the truck frame only up- 
on a space au hidi wide or less, atjuare across the centre, 
) indicated by the parallel lines across the trucks in 
the large diagram of the Figure 74. Were the pressure 
ijiplicd in a lino diagonally across the truck, it would 
act unequally u[iori the joiirunls, and produce a tortioii 
Strain upon the truck frame, wliich the latter might 
dot bo able to bear. 

Particular care should bo takeu to provide convenient 
means for keeping the working parta thoroughly oiled. 

The superstructure being properly adjusted and 
balanced upon this turn-table, and the sot screWH s, 
forced down until all the truck wheels can be easily* 
made to slide upon the rail by the use of a light crow 
bar, the structure will turn upon its centre pivot, 
iBteadied by contact of truck wheels upou the rail, 
with the least practicable resistance, and, during the 
transit of moving loads, the wheels, being in contact 
with the rail, are in readiness to sustain the additional 

eight without increaso of pressure upon the pirnt, or 
inoroasod strain npon the diagonal trusses. 

The modes and means for the appIicutioFi of power 
in working tJiia table, aa well as the preceding one, have 
llr«adjr been deacribed, [CLXXIX], and the description 
locd not be rcpeate<l. They need no illuatrnlimi by diu- 

ram, and are not shown in the drawings. 
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The plan, Fig. 74, requires the middle portion of the 
supporting pier to be depressed 1|^ to 2 feet, as shown 
at jpy where a vertical section of the upper part of the 
pier is represented; and, under the bed plate t, should 
be a large and firmly bedded stone capable of sustain- 
ing the whole weight of superstructure. 

This plan appears to answer all the requisites of a 
draw-bridge turn-table by the most direct and economi- 
cal means. 



Lift Draw Bridges. 

CLXXXI. Under this designation may be included 
all movable bridges which are withdrawn from position 
by being raised, instead of moved horizontally out of 
place. 

Lift bridges, though not much in use at the present 
day, have been constructed to be raised bodily, being 
counterpoised by weights acting over pulleys or sheaves ; 
a plan scarcely feasible upon waters navigated by mast 
vessels, or steamers with high smoke stacks ; as must 
be obvious on a moment's reflection. 

The more common device for lift draws, is, to raise 
the platform from a horizontal to a vertical position, by 
lifting one end, while the other turns upon a hinge 
joint ; the operation being like the raising of a trap- 
door. 

This plan is feasible over narrow channels, where 
vessels may be slowly warped through. But the pro- 
cess requires so much time as to seriously impede the 
land traflic. A bridge may be so balanced as to turn 
upon a horizontal axis about as easily as a swing bridge 
turns upon a vertical one. But the means available 
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for applying tbc counterjioiae are fiir leaa convenient, 
being usually the action of weights over aheaves, and, 
the rosistaijce coustantly dimiuiahing as the bridge 
riBes, it requires a complicated arraogemcut to graduate 
the action of the counterpoise to an equality with the 
resistance at all stages of the movement. Still, the 
thing may b« prncticable, were the object of sufficient 
utility to warrant the undertaking. For instance, the 
counterpoise may be permanently attached to the draw 
in such poaition aa to bring the common centre of 
gravity in the line of the axis of motion ; when the 
only resistance would be the friction of the journals at 
the liinge joint. Again, a counterpoiso. acting upon a 
windlass might raise the draw by chains winding upon 
a fusee, with radius increasing as resistance diminishes. 
Or, weight might be mounted upon wheels, and run 
down upon a curved incline, so adjusted as to diminish 
its action to an equality with the resistance at the dif- 
ferent stages. 

But none of these devices are snitahlo for elTecting 
more than very small openings, and are not likely to 
he often adopted. They will therefore De passed by 
with a mere allusion. 

Lid bridges have also been constructed to open in 
the middle and lift both ways. By tbia meaim wider 
openings may be efTected. 

But, aa the middle portion of the hrtdtfe and passing 
loads must bo sustained by the lifting chains, t>.ia plan 
is not well adapted to any but light trafiic. Such a 
structure over the Albany Basin broke down many 
years ago with fatal results. Perhaps, however, tliC 
catastrophe resulted rather from the imporfoct condi- 
tion or faulty coustrnction of the bridge, tlian from in 
herent defects of the general plan. 
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Still, this cau hardly be classed as among the availa* 
ble plans of draw-bridge construction in the present 
state of advancement in civil engineering. 

Finally, unless some advantage can be derived from 
the use of the Whipple Patent Lift Drawbridge, which 
is now about to be described, we may fairly conclude 
that Lift Draw-bridges, like retractile ones, are to be 
regarded as practically obsolete. 

CLXXXn. In the case of artificial navigation by 
horse power, where only head room of 10 or 12 feet is 
required, and where convenience requires the grade 
upon which the land traffic is carried on to be but little 
above the water surface, it is only necessary to effect 
a vertical movement of a few feet, to afford the re- 
quisite head room. And to meet such cases, a plan 
has lately been devised by myself, for which Letters 
Patent of the U. S. have been granted. 

"Whipple's Patent Lift Draw Bridge. 

This plan is, to construct over the navigable channel, 
stationary trusses (with the necessary struts, stays and 
braces, at the ends and upper chords, to secure per- 
raanance and steadiness laterally), upon corner posts or 
towers (a. Fig. 75) of stone, wood or iron, high enough 
to allow the required head room for navigation under 
the truss chords; the towers having sufficient width 
of base, or other provision to ensure stability. To 
the parts thus prepared, instead of a stationary travel- 
way, a movable way, cradle, or track, 6, (extending to 
the edge of the towing path t)y is adapted by means of 
the suspension rods r, to the upper ends of which. 
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near the lower chords, are connected the chains or 
ropes c, passing over the sheaves or pulleys e, and con- 
necting with counterpoise weights Wy extending over 
the whole length of cradle, and so adjusted as to just 
balance the weight of cradle. 

The rods r, except those near the abutment, pass 
vertically through the connecting blocks of the truss 
chords, and screw into cap pieces which are imme- 
diately above, and rest upon said blocks, when the 
cradle is down, and serve to prevent the cradle from 
descending below its proper level, and to sustain the 
weight of transient loads without additional stress 
upon the chains or pulleys. 

The cap-piece is furnished with a loop, or a socket, 
as may be required, for the connection of the chidn or 
wire rope c, passing up inside of the hollow truss 
post standing upon the connecting block; the post 
having a slot, or opening near the upper end upon the 
iuner side, to receive a segment of the sheave reaching 
the centre of the post. 

The sheaves, except the endmost on the left (in the 
diagram), are about 3 feet in diameter, and made fast 
upon longitudinal line shafts Z, one on each side of 
the bridge, hung in composition journal boxes, one 
upon each side of each sheave, suspended firom cross- 
beams h. The sheave next the end of truss, is about 
6 inches less in diameter than the others, and thrown 
inward to avoid interference with the diagonal rods of 
the truss. 

Upon each line shaft near the centre, is a bevel gear 
wheel ^, about 3 feet in diameter, into which works a 
pinion upon either end of the transverse shaft /, to 
which (shaft) the power is applied for raising and 
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lowering the cradled; und, it will be seen that on 
such application of power su65cit'nt to overcome tlie 
fricHon of the working parta, the crudle being exactly 
balanced hj the weights w, the two line shafts, witli 
llie sheaves H|ion them respectively, miiat revolve uni- 
formly, carrying the ropes along in the grooves of the 
sheaves, and raising or lowering all parts of the cradle 
uniformly, while the balance weights w, move in the 
opposite direction. 

It is therefore only necessary to reverse the motion 
of the shaft/, to move the cradle up and dowa alter* 
uately as often as reijuired. 

The sheaves not connected with the line shafts, move 
with the others, the cradle being stiff enough to ovei^ 
come the small resistance at those points, since the 
endmoHt sheaves sustain only half as much weight as 
the intermediates. 

"Working loose upon the shaft/, is the large gear 
wheel n, attatehed to the winding drum m, and carry- 
ing a reversible spring catch (not shown) which plaj"9 
into the teeth of the ratchet wheel o, made fast on the 
nhaft/. Then, by applying power to the wheel 
with the catch in the proper position, a line Is made . 
to wind upon the drum m, (in either direction, as re- 
<|uired) 80 as to raise a power weight p, capable by its 
descent, of raising or lowering the cradle through the 
required space in a few seconds of time. The line 
raiung the weight p, is carried from the drum wt, by 
means of sheaves s, to any convenient position. 

One movement of the cradle being effected, the 
witch is reversed, the weight p is immediately wound 
up in the opposite direction, and retained by a catch 
or bolt until the draw requires another movement. 
Tlicn, the weight is disengaged, and the movement 
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effected in the least admissible time. Ten secouds, 
with a properly adjusted power weight, is estimated to 
be sufficient for a movement of the cradle through a 
space of 12 feet, while the winding up of the weight 
may require two or three minutes labor of a man. The 
operator is thus enabled to condense the labor of 
s^.reral minutes into only a few seconds. 

It is proposed to give the power weight twice the 
force necessary to overcome the friction, allowing one- 
half to overcome inertia, and act as an accelerating 
force; the weight being made to run down and be 
arrested when half the movement has been effected, 
leaving the acquired momentum to be destroyed by 
the fiiction during the other half of the movement. 
Thus the motion will stop at "the right time without 
concussive shock. 

The wheel n, to which the winding power is applied, 
may be a bevel gear wheel driven hy a pinion upon the 
vertical shaft of a tread-wheel or a sweep-lever, or a 
spur gear wheel impelled by a pinion upon a horizon* 
tal counter-shaft; and this also furnished with a large 
gear wheel to be driven by a pinion upon a third shaft 
furnished with a hand crank; thus reducing the 
power to be applied to tne crank to any required de- 
gree. Further detail is not deemed necessary on this 
occasion. The plan is exi)ected soon to be subjected 
to a practical test of its capabilities. 

The advantages promised by the adoption of this 
device, in the situations admitting of its use, are, first, 
it is more cheaply constructed than a swing bridge of 
like span. Second, it requires no more space for its 
operation than a stationary bridge, while the swing 
draw requires several times as much. Third, its move- 
ment is effected in a fraction of the time required by 
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any other Jraw bridge, wheuce it occasions less inter- 
ruption to the traffic over and beDeatli it. This l&at 
advantage resulta from tlie fact that there is not more 
than one-thivd as much weight to be put in motion, 
and that is required to move over little if any more 
than one quarter (say if) of the space of the average 
movement of the material of a swing draw of the same 
epHD. Hence, the inertia to be overcome in starting 
nnd stopping tlie latter, is much greater than in case 
of the former. For, the resistance of inertia being oa 
the mass into the square of the velocity to be commu- 
nicated in a given time, to give to tlirice the mass, SJ 
times the velocity, ns required to shift these draws re- 
epeotively in the same time, would give a resistance of 
inertia more than 30 tinio:^ as great in one case as in 
the other, and require 36 times as much power to 
generate the velocity in the given time. But an ac- 
celerating force equal to the friction, acting through 
half the time of the movement, generates a momentum 
in the lift draw, sufficient to overcome the friction for 
the other half; ant], the friL-tion of the swing draw 
being little if any greater for the whole movement 
than that of the lift draw, it would only destroy j', part 
of the momentum generated in the swing dmw during 
the first half of the movement, by a force capable of 
producing that movement in the same time required 
by the litl draw. The other jj of the acquired 
momentum nmet he destroyed without useful effect, 
in order to avoid severe concussion at the stopping 
point, while in the other case the whole acquired mo- 
metitam may he ntiliited in overcoming necessary 
friction, so that no power need be wasted. Therefore, 
without extending this discurjaion, already, perliape, 
carried too fur, it may safely be pronounced practically 
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impossible to effect the movement of tiie svnng draw, 
ia the time in which that of the lift draw may be ac- 
complished. 

After all, practical test is generally the only satisfiu^ 
tory means of determining the value and utility of any 
mechanical device. 
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(MANUAL OF THEORETICAL MECHANICS. By 
3uul:s Weisbacu, Ph.D. Trnnsluted from the fuurtli uug- 
mt'iitod and improved German edition, wiLh an introduction 
to the Calculus, by Ei;kley B. Coxb, A.M., Mining 
Engiueer. I,lu0 pogee, usd 002 wood-cut illuetruLious. 

AnnTRACT OF Co![TKNT8.— IntTDiluation t0 Iho Colimliu— Th« Ocnenl 
Principle* of UcohiUiiGs— Phoranoialca, cr tlio rimly UaUienuitic*! Tlicorj 
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Rigid Bodim-The Application of Sfcilics to ElaBtlcity and Strength— D7ii»nu 
In of Bigid Bodies -8totic« of Fluids -D/nunia of Fluid*— The Tboorr 
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"The prcMmt edition li an rattirelj new irork, greallj extcndnd snd rery 
BUioli iinpcornd. It forma a fsxt-book whiuh most find IM wmy into the buids, 
not only of STerj ■tndent.but aiemry engineer who desire* to rcfnsh hia uetu- 
orj 01 UH]aire clear idoaa on doubtful ■pomts.'' ^ Mann faetvTtr and BaiUrr. 

" W* bope t!ia Aaj it not fsi distant wlien a thoroogb ooune of studj and 
•inflation as such shall bo deroandod of the prnctiiing enfrinecr, and with this 
t1*V wo are glail to welcome this translation to onr tongue and sbon* of at» 
of the DuMt abl* of the cduoston of Eorope.' — Tht TetSnolojitL 
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Francis' Lowell Hydraulics. 

Third Edition* 

4to. Clotli. $15.00. 

LOWELL HYDRAULIC EXPERIMENTS — being a Seleo^ 
tion from Experiments on Hydraulic Motors, on the Flow of 
Water over Weirs, and in Open Canals of Uniform Rectangular 
Section, made at Lowell, Mass. By J. B. Fbancis, Civil Engineer. 
Third edition, revised and enlarged, including many New Ex- 
periments on Gauging Water in Open Canals, and on the Flow 
through Submerged Orifices and Diverging Tubes. With 23 
copperplates, beautifully engraved, and about 100 new pages of 
text 

The work is divided into parts. Past L, on liydraalio motors, includes 
ninety-two experiments on an improved Foomeyron Turbine Water-Wheel^ 
of about two hundred horse-power, with rules and tables for the construction 
of similar motors ; thirteen experiments on a model of a centre-vent water- 
wheel of the most simple design, and thirty-nine experiments on a centre-vent 
water-wheel of about two hundred and thirty horse-power. 

Pabt XL includes seventy-four experiments made for the purpose of deter- 
mining the form of the formula for computing the flow of water over weirs; 
nine experiments on the effect of back-water on the flow over weirs; eighty- 
eight experiments made for the purpose of determining the formula for com- 
puting the flow over weirs of regular or standard forms, with several tables 
of comparisons of the new formula with the results obtained by former experi- 
menters; five experiments on the flow over a dam in which the crest was of the 
same form as that built by the Essex Ck)mpany across the Merrimack River at 
Lawrence, Massachusetts; twenty-one experiments on the effect of observing 
the depths of water on a weir at different distances from the weir ; an exten- 
sive series of experiments made for the purpose of determining rules for 
gauging streams of water in open canals, with tables for facilitating the same; 
and one hundred and one experiments on the discharge of water through sub- 
merged orifices and diverging tubes, the whole being fully illustrated by 
twenty-three double plates engraved on copper. 

In 1855 the proprietors of the Locks and Canals on Merrimack River con- 
sented to the publication of the first edition of this work, which contained a 
selection of the most important hydraulic experiments made at Lowell up to 
that time. In this edition the principal hydraulic experiments made there, 
subsequent to 1855, have bo^u added, including the important series above 
mentioned, for determining rules for the gauging the flow of water in open 
canals, and the interesting scries on the flow through a submerged Venturi*s 
tmbe, in which a larger flow was obtained than any we find recorded. 
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Williamson's Meteorological Tables. 

4lt>. FlciibbCIolh. f2.S0. 
PRACTICAL TABLES I\ METEOItOLOGY AND HYPSO- 
METRY, in connection with the use of tbe Buromcter. By Cul. 
E. S. Williamson, U. S. A. 



■Merrill's Iron Truss Bridges. 

Third £ilUit/n. 

4to. Cloth. |5.00. 
IRON TRUSS BRIDGES FOR RAILROADS. The Method of 
Colculatiiijj; Straios iu Trussea, trith a oaroful cominrisou of tlio 
most [irominent Trusaea, in roferonoo to economy in combination, 
etc,, etc. By Brevet Colonel Wiluah E. Ml!BBlL^ U.S.A., 
Major Corps of Engiaeera. Nine Uthograplietl plat«s of illustra- 
tions. 

" The work before lu b >n attempt to gire » baue for >oand tvfana in thii 
feature of railroad eLgineerin^, by throwing 'BUitiDnal Ught Bpon Uie 
metlioJ of calouLiting the maxima atraiQi Ihat oan come upoa anjr part of • 
bridge trnsi, and apoa the muiDer of prapartioning oaob piirt. (O that it ahall 
be as strong relativelj to ita own •trains u anj other part, and so that the 
Ritira hridg« may be atrong oDoagh to stutoin several timM aa gnat atraiaa 
aa the greatest that oan come ajMii it in aetiul uao.' " — SeientiJSf. AmerUiin. 

"TliH antbor haa presented bia Tien in a olcirani inUlligont manner, and 
the ingennitf displayed in coloring the flgnica ao aa to preaent cvttain (acta 
to tbe eye forms no inappreciable port of the merits of tbe wotIl The reduc- 
tion of tbe ' formulie fur obtaining the strength, roltime, and weight of a oast- 
iron i>itlar under a strain of compresfiion,' vill be rerj acceptable to tboee wbo 
have occasion hereafter to make investigations involriiig tbcae conditicm^ Aa 
a whole, the work baa been well done^"— flotfr«iif OaiMe, C^Uago. 



Allan's Theory of Arches, 
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THEORY OP ARCHES. By Prof. W. Allan, fonneriy of 
Washington and Leo University. Illustrated, 
" This little roluine !■ Ml smpliOcatlon and explanation of Prof. Baaklne's 
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A TREATISE OX THE STREXOTH OF BRIDGES AND 
R03FS— comi p riamg tlie detennmatioii of Algebraic formulas 
iax Sczmins in HonaKitmL Inclined or Rafter, Triangtdar, Bow- 
Btzxng, T.<M^>i^^»f> and other Tmsses, from fixed and moving 
loftdft, vith pncdeai applications and examples, for the use of 
Scodents and Engineers. Bj Sjlxckl H. Shests, A-M., Civil 



*0n dke wliole. Mr. SliTfT« lias pioduccd a book wbicb is tbe simplest, 
dearax, and mx the sune lime, tlie most srstrauuic and with the best math- 
ematical rasocin^ of anj work apon the same sabjecC in the language."— 



* Fmrn th<> onvsoaDT ckar language in which Mr. Shreve has given every 
statement, the student* will have bat him^ielf to blame if he does not become 
thoroogh masfter of the ^ohjectJ''- L^^Adon Miaing Journal. 

" Mr. Shreve has prodaced a work that must alwavs take hifirh rank as a 
text-book. • * • and no Bridge Engineer should be without it, as a 
Taluable work of reference, and oue that will frequentl/ assist him out of 
difficulties." — /VujiJUU LutUmU Ji/urmaL 



The Kansas City Bridge. 

4ta Cloth. 19.03 

WITH AN ACCOUNT OF THE REOIHEN OF THE MIS- 
SOURI RIVER, and a description of the Methods used for 
Founding in that River. By O. Chaxute, Chief Engineer, and 
Geobgb Morisos, Assistant Engineer. Illustrated with five 
lithographic views and twelve plates of plans. 

Hiustrations. 

yiEWS.~View of the Kansas City j tion Works, Her No. 8. IV. Poand»- 
Brid}^ August 2, 1869. Lowering i tion Works, Pier No. 4. V. Founda- 



Citisson No. 1 into position. Caismn 
for Pier No. 4 brought into position. 
View of Foundation Works, Pier No. 
4. Pier No. 1. 

Plates. — L Map showing location 
of Bridge. II. Water Record— Cross 



tion Works, Pier Na 4. VL CaiMW 
No. 5— Sheet Piling at Pier Na «- 
Details of Dredges— PUe Shoe— Betos 
Box. VIL Masonry — Draw Protw 
tion — False Works between Pien S 
and 4. YIIL Floating Derrieka 



Section of River — Profile of Crossing ; IX. Oeneral Elevation — 176 feet tpUL 
— Pontoon Protection. IIL Water X. 248 feet mn. XL Flans of Dnv. 
Deadener — Caisson No. 3 — ^Founds XIL Strain Diagrams. 
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Clarke's Qmncy Bridge. 

4lo. Cloth, »7.M. 

EBCRIPTION OF THE IRON RAILWAY Bridge acrois tho 

BBipiH Eiver at Quincy, Illinoia. Bj Tao«isCuETiaCL\R«E, 
3hi«f En^eer. liluatratcul with twenty-ono litht^rapbed 



Barba on the TJse of Steel. 

13mo. XUnitntod. Goth. 9LSD. 

USE OF STEEL IN CONSTRUCTION. Method of 
VorVing, Aiijilying, and Testing Plates and Bars. By J. 
Jarba, Chiff Naval Constructor. Translated from tlio 
Prench, witli a Preface, by A. L. Uollet, P.B. 
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8*0, IUaatm«iL Cloth. $400. 

ELEMENTARY AND PRACTICAL TREATISE ON 
BRLDGE BUILIJINO. An »ulargt;d and impiwved edition of 
file Author's origiiiul work. By S. Wbippui, C. E., Inveulor of 
le Whipple Bridjfi>B, &o. Seeoud EdiUon. 

he dMigo luu bwn to dcrolop from FiinJamnital Priiudple* k ■yitBin tmmj 
imjiraheiiiiaii. uid such u to oublo the kttealiTe rHulrr and iludant to 
[■ uadantaadinKly fur hinMclt, m to the rel&tin meritu of dilTennl pluu 
I cnmbi&fttion*. mnd to adopt for UM aui'li u uui; be mrMt ■uilablo fur the 
p h* msj have to deal with. 

t i* hapad the work may proTa an apptnjnate Text-Book upon the aubjapt 
, itt, tor tlui Kn jiiiaeriii|( Stuilmit, uul a uaefol "t-""-l iot tJt« Praotio- 
a aad Bridge Builder, 
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THE THEOBY OF STRAINS IN GIRDERS and Similar Strao- 
tures, with ObsenrationB on the Application of Theory to Practice, 
and Tables of Strength and other Properties of Ma.<»ini^li^ B/ 
Bi2nM>v B. SiovsTy B. A. 



Roebling's Bridges. 

ImperUl folia Cloth. |25.00. 

LONG AND SHORT SPAN RAILWAY BRIDGES. By Jomr 
A. RoKBLDTo, C. K Hloatrated with large copperplate engiar- 
ing^ of plans and yiews. 

Idst ofincUes 

1. ParaboUo Tnut lUulwaj Bridge. 2, 3, 4, 5, 6. BetuU of PteaboUe 
Tnifls, with centre span &00 feet in the clear. 7. Plan and View of a Bridge 
orer the Mianauppi RiTer, at St. Louis, for railway and common travd. 8, 9, 
10, 11, 12. Details and View of St. Loois Bridge. 13. Railroad Bridge om 
the Ohio. 

Diedrichs' Theory of Strains. 

8to. Cloth. '$5.00. 

A Oompendium for the Calculation and Construction of Bridges, 
Roofs, and Cranes, with the Application of Trigonometrical 
Notes. Containing the most comprehensive information in rs- 
gard to the Resulting Strains for a permanent Load, as alto fcr 
a combined (Permanent and Rolling) Load. In two laetioDB 
adapted to the requirements of the present time. By Jomr I>ii»- 
BiCHs. Illustrated by numerous plates and 



'* The want of a compact, unireraal and popular treatise on the Cooftfve- 
tion of Boofi and Brid ge s os peoially one treating of the infloenoe of a Taria- 
ble load— 4ttid the unsaUsfaotory easajs of diffacent anthon on the 0abfSDt» 
induced me to prepare Chis work.*' 
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PRACTICAL DESIGNING OF RETAINING WALLS. 
AuTUUB Jacob, A. B. 
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Lnrge B«a. Cloth. $3.00. 

ON THE CONSTUUCTION OF IBON ROOFS. A Theoretical 

and Practical Treatise. By Fe.incis Cahpin. With wood-cuti 

and plates of Eool's lately executed. 

"Tho ■natbemiticul farmiLlaii are of >a elementary Icind, and the prooOM 

truss bridijrea. Tho treatise, though of a. prootiual auieatifio uhnritoter, mny ba 
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1 vdL folio. Cloth. tl3.00. 
AMEEICAN AND EUROPEAN RAILWAY PRACTICE, la 
the Economical Qenemtion of Steani, inoludiog the materiala 
aiid conatruction of CoaKbuming Boilara, Combustipa, the Varia- 
ble Blast, Vuporizatioa, Cireulatlon, Super- heating, Supplying 
and Heating Feed-water, &c., and the adaptation of WouJ and 
Ooke-buming Engines to Coal-burning ; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &c., &e. By Aj-exasbbb L, Hollki, B. 1". With 77 
lithographed plates. 

" This Li imelitbo^t^ tradtiaobj oae of oar ablaat qitU Qn^aeers, on theuoa- 
■truution nud use of lucumotireii, with a fovr ubuptera ou tha buildiafi; of Riil- 
touls, * ■ ■ AU tbo«e Bubjeou u^ tre.kt<>d by the author, who i* » 
fir»t-clMS railiuu! engineer, in bath un inlelli^iit uud inlolliijible niiumHT. Th« 
facta and ideiu am wall BTranged, dnd proaented in ■ clear and umple atyle, 
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ed OB indispensable by alt who ore iulErested in a knowtcdg:e of the ctmsOiio- 
tioa of nulroadj and rolling atock, or the working' of louoniotiTes.* — Sditatifis 
A-ourieaa. 




Henrici's Skeleton Structures. 

8vo. Cloth. $1.5a 

SKELETON 8TRUCTUEES, especially in their Application to 
the building of Steel and Iron Bridges. By Olaus Hinbici. 
With folding plates and diagrams. 

By preseiiting these general examinations on Skeleton Stroctores, with 
partionlar application for Suspended Bridges, to Engineers, I renture to ex- 
press the hope that they will receive these theoretical resalts with some confi- 
dence, even although an opportunity is wanting to compare them with practi- 
cal results. O. U. 



Useful Information for Railway Men* 

Pocket form. Morocco, g^t, $2.00. 

Compiled by W. G. HAHiLTONy Engineer. Sixth edition, revised 
and enlarged. 570 pages. 

" It embodies many valuable formuhe and recipes useful for railway men, 
and, indeed, for almost every class of persons in the world. The ' informa- 
tion ' comprises some valuable formulse and rules for the construction of 
boilers and engines, masonry, properties of steel and iron, and the strength 
of materials generally." — Railroad Gazette^ Chicago, 



The Meohanio's Friend. 

12ma Cloth. 800 Illustrations. $1.50. 

THE MECHANICS FRIEND : A Collection of Receipts and 
Practical Suggestions, Relating to Aquaria — Bronzing — 
Cements — Drawing — Dyes — Electricity — Gilding — Glass- 
Working — Glues — Horology — Lacquers — Locomotives — Mag- 
netism — Metal- Working — Modelling — Photography — Pyro- 
techny — Railways — Solders — Steam-Engine — Telegraphy — 
Taxidermy — Varnishes — Waterproofing — and Miscellaneous 
Tools, Instruments, Machines, and Processes connected with 
the Chemical and Mechanical Arts. By William E. Axon, 
M.R.S.K 
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Kirkwood on Filtration. 

4to. Cloth. (15.00. 

REPORT ON THE FILTRATION OF KIVEE WATERS, for 
the Supply of Cities, aa pnictiaed in Europe, made <m tlie Buanl 
of Wntor CummiBsionera of tha City of St Louis. By JiMEs 1'. 
KiRj[wooi). Illustrated by 30 dotible-pUta engravings. 

CoNTKNTa. — Report on Filtration— london Works, General— Cbel sea 
WftlCT Worts and Pilters— Lambetli WattT Works and Filtora— South wark 
»nd Vuuihiill Water Works and Filters— Grand JanctioD Waler Works and 
Filters— Woac Middleeei Water Works nnd Filters— New River Water 
Works and Filters- Eaat London Water Works imd Filtors— LoicMtor Water 
Works and Filtrrs— York Water Works and Filters- Liverpool Water Work* 
and Filters— Edinburgh Water Works Md Filters—Dnblin Water Works 
and Filters— Perth Witer Works and Filtering GaUery— Berlin Water 
Works and Fillers — Hamburg Water Works and Reservoirs — Aitona Water 
Works and Filters— Tours Water Works and Filtering Canal— Angers Water 
Works and Filtering Galleries- Nantes Water Works and Filters— Lyonj 
Wntcr Works and Filtering GallerieB— Toulouee Water Works and Filtering 
Galleries— Marseilles Water Works and Filters— Genoa Water Works and 
Filtering Galleries— Leghorn Water Works and Cisterns— Wakefield Water 
Work* and Filters — Appendix. 



Tunner on RoU-Tuming. 

1 Tol. 8vo. and I vol. plates. (10.00. 

A TRFATISE ON ROLL-TURNING FOR THE MANUFAC- 
TURE OF IRON. By Peter TuNsea. Translatml and adapted. 
By Jons B. Pbahsb, of the Pennsylvania Steel Works. With 
numerous wood-cuts, 8vo., together with a folio atlas of 10 litho- 
graphed plat«H of Rolls, Ueoaurements, &o. 

" We Dommend this book as a alcar, elaborate, and praotical treatise apoa 
the dejiartnient of iron manufacturing operations to vhich it is devoted. 
The writer states in his preface, that tor Iwonty-five years bo has felt tha 
neoeaiity of such a work, and has evidently brought to its prvpamtion the 
fruits of experience, a painstaking regard for accuracy of statement, and a 
desire \a furnish infonnation in a style readily understood. The book should 
be in the hands of tvtarj one interested, either in the general praotiee of 
ntechaninal engineering, or the spoaial branch of mauufaeturing operations to 
which the work relates.* — Amerietm Ariuan. 
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Jacob on Storage Beservoirs. 

Itao. BcMida 60 cts. 

THE DESIGNING AND CONSTRUCTION OP STOEAGB 
BESEKVOIBS. By Arthur Jacob, B. A. With tables and 
wood-cuts representing sections, etc 



Hewson on Embankments. 

8Ta doth. $2.00. 

PRINCIPLES AND PRACTICE OF EMBANKING LANDS 
from River Floods, as applied to the Levees of the Miwrisw^ 
Bj WiLLiAH HxwsosTy Civil Engineer. 

" This is a Talnsble treatise on tho prinoipLes and praotioe of qmhsnlriiiy 
lands from riyer floods, as iqpplied to the Lerees of the MismsHippi, bya highly 
intelligent and experienced engineer. The anthor sajs it is a first attempi 
to reduce to order and to role the design, execation, and measorement of the 
Levees of the Mississippi. It is a most nsefol and needed oontribation to 
scientific literature. — Philade<phia JSvening JmnrndL 



Griiner on Steel. 

8to. Qoth. $a50. 

THE MANUFACTURE OF STEEL. By M. L. GRuim, trana^ 
lated from the French. By Lenox Smith, A. M., E. M., with an 
appendix on the Bessemer Process in the United States, by the 
translator. Illustrated by lithographed drawings and wood-cuts. 

** The purpose of the work is to present a careful, elaborate, and at tlit 
same time practical examination into the physical properties of steel, as well 
as a description of the new processes and mechanical appliances for its manuii^* 
ture. The information which it contains, gathered from many trustworthy 
sources, will be found of much Talue to the American steel mannfsctnret^ 
who may thus acquaint himself with the results of care&il and elaborate ex- 
periments in other countries, and better prepare himself for suocessful cooi* 
petition in this important industry with foreign makers. The fact that thit 
volume is from the pen of one of the ablest metallurgists of the present daji 
cannot fiul, we think, to secure for it a favorabla consideiration. — Iron Ag$, 




Bauennan on Iron. 

3mo. Cloth. 13.00. 
TISE ON THE METALLURGY OP IRON. Contain- 
ing outlines of the History of Iron Manufacture, method* of 
Assay, nnil annlyBis of Iron Orea, pruceaaes of uuuiufuctiire of 
and St»el, etc., etc. By 11, DicERKiS. First yVmoricnu 
ition. Rerieed and enlarged, with an apiwndis on the Marliu 
rocesa for making Steel, from the report of Abram S. llt-witt. 
'[ustrated with numerous wood engravings. 

importsnt addition to the Btsck of tachnicol works puMiihed in 
eountrj. It embodifs the tstcit focta, diaoovcriea. and proue»»G» mm- 
1 with tbo manufucturo of iron and alccl. lUid aliould ha ia tlia huids of 
poraoQ intorojted in the nubjeot, u well u in all toulinical mud iwiemtiSe 
ioi.'' — Sdenlifie Ameriean. 



and Valve Motions, by W. S. 
Auchincloss. 

Blxth Edition. 8vo. Cloih. $3.00. 
L1C.\TI0N OF THE SLIDE VALVE and Link Motion to 
ktionaiy. Portable, Looomotiva and Marine Engines, with new 
1 simjile methoda for [iroportioning the parts. liy Wiluah 
AccHiKCLoss, Civil and Mechanicul Engineer. Designed ob 
hand-book fur Mechanical Eiigineere, Master Mechanics, 
uughtsmcn and Students of Steam Engineering. All dimen- 
na of the valve are found with tlio greatest ease by means of 
Printed Scale, and proportions of the link determined irlt/ioul 
I aasistanoe of a model Illustrated by S7 wood-cuts and 21 
lographio plates, together with a copperplate engraving of the 
tvel Scale. 

the nullern we lure mentioned ate trealcd with > rleunca uid utiaBDo* 
awxatitj Terbiaije which readtm Iho work a poculiurlf TalnablD one. 
Wnl SfloJoonlf re<|uinM to be known to be appreciated. Ur. A. writea 
ly on hia aahieot, ws wish be hwl written mora, LtndaH Kit- 
ing. 

h>Ta nerer opened ■ work ralating to ataun wbiah Memed la ne beltar 
»t*d to five BQ intelligent mind k olear nodetitanding of the d^iarl- 
tt dianuwe. — BeiaUific Amerieaii. 
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Slide Valve by Eocentrics, by Prof. 

O. W. MacCord. 

4tx>. niustxated. Qoth, |400. 

A PRACTICAL TREATISE ON THE SLIDE VALVE BT 
EOCENTRICS, examining bj methods, the action of the Eocen- 
tiic upon the Slide Valve, and explaining the practical prooes- 
Bes of laying out the movements, adapting the valve for its 
various duties in the steam-engine. For the use of Engineers, 
Draughtsmen, Machinists, and Students of valve motions in 
general By C. W. MacCori), A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, Hoboken, N J. 



StUlman's Steam-Engine Indicator. 

12mo. Cloth. $1.00. 

THE STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and Vacuum Gauges ; their utility and application 
By Paul Stillman. New edition. 




Bacon^s Steam-Engine 

12mo. Cloth. $1.00. Hor. $1.50. 

A TREATISE ON THE RICHARDS STEAM-ENGINE IN- 
DICATOR, with directions for its use. By Charles T. Pobteil 
Revised, with notes and large additions as developed by Amer- 
ican Practice, with an Appendix containing useful formuke and 
rules for Engineers. By F. W. Bacon, M. E., Member of the 
American Society of Civil Engineers. Illustrated. Beoond Editioa 

In thU work. Mr. Porter's book has been taken as the basis, bat Mr. Baoon 
has adapted it to American Practice, and has conferred a great bocm on 
American Engineers. — Artihan, 



G-iUmore's Building Stones. 

8vo. Cloth, f 1 60. 

EBPORT ON STEEXGTH OF THE BUILDING STONES 
IN THE UNITED STATES, Etc 
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Gillmore's limes and Cements. 

Fifth EaUion. Jleviae'l niul Enlarged. 

Svo. Cloth. H.0O. 

PRACnCAI- TEE.\TISE ON LIMES, HTDRALTLIC CE- 
MENTS, AND MORTARS. Papers on Practical Enjpneering, 
U. 8. Engineer Department, No, 9, oontaining Reports of 
numerous experiments conducted ia New York City, during the 

[ years 1858 to 1801, inclusive. By Q. A. Gillmore, Lt.-Col. 

I TJ. S. Corps of Etigiuecrs, Brevet Major-Qonenil U, S. Army. 

liWith numerous illiiscratious. 



I "This vork cont^mi n record »t uortain 






md nsaearclm □ 



tho inthority of the Enginefr Baleau of Iho W»r DepBrtmrat (rom 
upoa tliB Tarioui hydntulio cemcnU of the United SlatM. uid 
for their manufacture. Tho piperSmmt* vtm carefnllj' nuule, 
>II report«d and compiled, * — Jaurniil t'rankUit IiutUttU. 



Gillmore's Coignet Baton. 

8»o. Cloth. »3.50. 

COIGNET BETON AND OTHEU .UtTI>'ICIAL STONE. By 

Q. A Gillmore, Lt.-Col. U. S Corps of Engineers, Iirovet 

jdajur-Uonoral U. S. Army. 9 Platps, Views, etc. 

Thi* work describes with oonaidortible mitiuteiiaaa of detaj] the wtotsl kinds 

OffcrtifliHal »toni> in m^t gcnvnl u» in Europe vaA now bct^nuisg (a 1*0 

'■Vtroduind in tbo Uniled States, diKUura tlictr jiropertirs, rclatiro merii.i, 

^Uil mhI, and dcwribcs the nuitcriAls o( which they mm composed 

^liD subject is oDo of ■paoinl and ^nivin^ iatcrwt, imd we commimd tho work, 
^mboiljintr M it dooa tho mstuml opinion* of ui ezperienind cngliiMr uij 



Gillmore on Roads. 



tSmo Clolli. In PrcBa. 



t PRACTICAL TREATISE ON THE CON.STRUCTION 
fOF nOADS. STUEErs. AND PAVEMENTS. By Q. A. 
lOiLLMOHK, Lr.-Ciil. U. 8. Oiirpa of Enginoon, Brevet Major- 
|.0«nenl U. S. Army. 
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Williamson on the Barometer. 

4to. Cloth. $15.00. 

ON THE USE OF THE BAROMETER ON SURVEYS AND 
RECONNAISSANCES. Part I. Meteorology in its Connec- 
tion with Hypsometry. Part IL Barometrio Hypsometiy. By 
R. S. WiLLiAMsow, Bvt Lieut.-Col. U. S. A., Major Corps of 
Engineers. With Illustrative Tables and Engravings Paper 
No. 15, Professional Papers, Corps of Engineers. 

" San Francisco, Cal., Fi^, 27, 1867. 
" Gen. A. A. Humfhbbtb, Chief of Engineers^ U. S. Army : 

" GbnehaLi, — ^I have the honor to sabmit to you, in the following pages, the 
results of my investigations in meteorology and hypsometry, made with the 
view of ascertaining how far the barometer can be used as a reliable instra- 
ment for determining altitudes on extended lines of survey and reoonnais- 
sanoos. These investigations have occupied the leisure permitted me from my 
professional duties during the last ten years, and I hope the results will be 
deemed of sufficient value to have a place assigned them among the printed 
professional papers of the United States Corps of Engineers. 
" Very respectfully, your obedient servant^ 

" R. S. WILLIAMSON, 
"Bvt Lt-CoL U. S. A, Major Corps of U. S. Engineers." 



Von Ootta's Ore Deposits. 

8to. Cloth. $400. 

TREATISE ON ORE DEPOSITS. By Beuthakd Von Cotta, 
Professor of Geology in the Royal School of Mines, Freidberg, 
Saxony. Translated irom the second German edition, by 
Feederick Pbime, Jr., Mining Engineer, and revised by tbe 
author, with numerous illustrations. 

'' Prof. Von Cotta of the Freiberg School of Mines, is the author of the 
best modem treatise on ore dexx>sits, and we are heartily glad that this ad- 
mirable work has been translated and published in this country. The trans- 
lator, Mr. Frederick Prime, Jr., a graduate of Freiberg, has had in his work 
the great advantage of a reyision by the author himself, who declares in a 
prefatory note that this may be considered as a new edition (the third; of his 
own book. 

" It is a timely and welcome contribution to the literature of mining in 
this country, and we are gprateful to the translator for his enterprise and good 
judgment in undertaking its preparation ; while we recognize with equal oor- 
diftlity the liberality of the author in granting both permission and assisi- 
■aoa.^ — ExbrciUfr^ Bmew in Engineering and Mining JewmaJL 
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Plattner's Blow-Pipe Analysis. 

Second edition. Keriied. 8Vo. Cbth. $7.60. 

PLATTNER'S MANUAL OF QUALITATIVE AND QUAN- 
TITAirV'E ANALYSIS WITH THE BLOW-PIPE. From 
the last Oerman edltioa Bevised and enlarged. By Prof. Tn. 
EiCHTEii, of the Hojal Saxon Mining Academy. Translated by 
Prof. n. B. Cornwall, Assistant in the Columbia School of 
Mines, New York ; assisted by John H. Caswell. Illustrated 
with eighty-seven wood-cuts and one Lithographic Plate. 560 
pages. 

" Flattner's celebrated work has long been recognized as the only complete 
book on Blow-Pipe Analysis. The fonrth Oerman edition, edited by Prof. 
Riohter, fully snstains the reputation which the earlier editions acruired dur- 
ing the lifetime of the author, and it is a source of great satisfaction to us to 
know that Prol Richter has co-operated with the translator in issuing the 
American edition of the work, which is in fact a fifth edition of the original 
work, being far more complete than the last Oerman edition.*' — SilUmanU 
Journal. 

There is nothing so complete to be found in the English language. Piatt- 
ner*8 book is not a mere pocket edition ; it is u^tended as a comprehonsire guide 
to all that is at present known on the blow-pipe, and as such is really indis- 
pensable to teachers and advanced pupils. 

" Mr. Comwairs edition is something more than a translation, as it contains 
many corrections, emendations and additions not to be found in the original. 
It is a decided improvement on the work in its Oerman dress.'* — Journal of 
ApplM Chemutry, 



Egleston's Mineralogy. 

8to. Illustrated with 84 Lithographic Plates. Cloth. $4.50. 

LECTUEES ON DESCRIPTIVE MINERALOGY, DeUvered 
at the School of Mines, Columbia College. Br Pbofessob T. 
Eqleston. 

These lectures are what their title indicates, the lectures on Mineralogy 
delircrcd at the School of Mines of Columbia College. They hare been 
printed for the students, in order that more time might be given to the vari- 
ous methods of examining and determining minerals. The second part has 
only b<%n printed. The first part, comprising crystallography and physical 
mineralogy, will be printed at some future time. 
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Pynchon's Chemical Physics. 

New Edition, Mevised and Enlarged. 

down 8yo. Cloth. |d.Oa 

INlHODUCnON TO CHEMICAL PHYSICS, Deaigned&rflie 
Use of Academies, Colleges, and High Schools. Illustrated with 
numerous engravings, and containing copious experiments with 
directions for preparing them. By Thoxas Buqolbs Ptitchoh, 
M. A., Professor of Chemistry and the Natural Soiences, Trinity 
College, Hartford. 

Hitherto, no -work suitable for g^eral use, treating of all these mibjeots 
within tho limits of a single Tolume, ooald be found ; oonsequently the atte&« 
tion they have roceirod has not been at all proportionate to their importance. 
It 13 belioTcd that a book containing so much yaluable information within eo 
small a compass, cannot fail to meet with a ready sale among all intelligent 
persons while Professional men, Physicians, Medical Students, Photograph- 
ers, Telegraphers, Eng^eers, and Artisans g^erally, will find it epeciaUy 
yaluable, if not nearly indispensable, as a book of reference. 

" We strongly recommend this able treatise to our readers as the first 
work ever published on the subject free from perplexing technicalities. In 
style it is pure, in description gpraphic, and its tyi)ographical appearanoe is 
artistic. It is altogether a most excellent work." — EcUctie Medical JoumdL 

** It treats fully of Photography, Telegraphy, Steam Engines, and the 
yarious applications of Electricity. In short, it is a carefully prepared 
yolume, abreast with the latest scientific discoyeries and inyentions.'' — Sari' 
ftird CouranL 

Plympton's Blow-Pipe Analysis. 

12mo. Cloth. $1 50. 

THE BLOW-PIPE : A Guide to Its Use in the Determination 
of Salts and Minerals. Compiled from yarious Bources, by 
Oeouob W. Plympton, C.E., A.M., Professor of Physical 
Science in the Polytechnic Institute, Brooklyn, N. Y. 



*' This manual probably ha^ no superior in the English language as a text- 
book for beginners, or as a guide to the student working without a teacher. 
To tho latter many iUustrations of the utensils and apparatus required in 
using the blow-pipe, as well as the fully illustrated description of the blow- 
pipe flame, will be espeoislly serrioeable.'*— JVdW York TBOcher. 
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Dubois' Q-raphical Statics. 

8vo. 60 lUustratioiui. Cloth. ^.00. 

THE NEW METHOD OP GEAPHICAL STATICS. By 
A. J. Dubois, OJB^ PhJ). 



Grases in Coal Mines 

18mo. Boards. 50 cts. 

A PRACTICAL TREATISE ON THE GASES MET WITH 
IN COAL MINES. By the late J. J. Atkinson, Govern- 
ment Inspector of Mines for the County of Durham, England. 



Watt's Dictionary of Chemistry- 

Supplementary Volume. 

8vo. Cloth. $9.00. 

This Tolume brings the Record of Chemical Discovery down to the end of 
the jear 18G0, includinsf also several additions to, and corrections of, former 
results which have appeared in 1870 and 1871. 

*i^* Complete Sets of the Work, New and Revised edition, including above 
supplement. 6 vols. 8vo. Cloth. $62.00. 



Hammelsberg^s Chemical Analysis. 

8vo. Cloth. $2.25. 

GUIDE TO A COURSE OF QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINERALS AND FUR- 
NACE PRODUCTS. Illustrated by Examples. By C. F. 
Raxxelsbebo. Translated by J. Towler, M.D. 

This work has been translated, and is now published expressly for those 
students in chemistry whose time and other studies in colleges do not permit 
them to enter upon the more elaborate and ezjiensive treatises of Fresenius 
and others. It is the condensed labor of a master in chemistry and of a prao- 
tioal analysts 
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Eliot and Storer's Qualitative 
Chemical Analysis. 

Jfew Edition, Revised* 

12ma niostrsted. Cloth. $1.50. 

A COMPENDIOUS MANUAL OF QUALITATIVE CHEMI- 
CAL ANALYSIS. By CniLBLEs W. Eliot and Frakk H. Stobeb. 
Hevised with the Cooperation of the Authors, bj William Bip- 
LET Nichols, Professor of Chemistry in the Massachusetts Insti- 
tute of Technology. 

" This Manual has great merits at a praotioal introduction to the sdeooe 
and the art of which it treats. It contains enough of the theory and praotioe 
of qualitative analysis, " in the wet way,** to bring out all the reasoning in- 
Tolyed in the science, and to present clearly to the student the most approred 
methods of the art. It is specially adapted for exercises and experiments in 
the laboratory ; and yet its clasRifications and manner of treatment are so 
systematic and logical throughout, as to adapt it in a high degree to tliat 
higl\er class of students generally who desire an accurate knowledge of the 
practical methods of arriving at scientific fects." — Lutheran Ohterver, 

** We wish every academical class in the land could have the benefit of the 
fifty exercises of two hours each necessary to master this book. Chemistij 
would cease to be a mere matter of memory, and become a pleasant experi- 
mental and intellectual recreation. We heartily commend this little voliime 
to the notice of those t^ku^ers who believe in using the scienoes as meant of 
mental discipline." — CoUege CauranL 



Craig's Decimal System. 

Square 82mo. Limp. 50c 

WEIGHTS AND MEASURES. An Account of the Dedmal 
System, with Tables of Conversion for Commercial and Scientific 
Uses. By B. F. Craig, M. D. 

** The most lucid, accurate, and useful of all the hand-books on this subject 
that wo have yet seen. It gives forty-seven tables of comparison between the 
English and French denominations of length, area, capacity, weight, and the 
Centigrade and Fahrenheit thermometers, with clear instructions how to use 
them ; and to this practical portion, which helps to make the tranaitioa as 
easy as possible, is prefixed a scientific exjilanation of the errors in the metric 
system, and how they may be corrected in the laboralory.'* — Ifatiam, 




I' 



Nugent on Optics. 

ISmo. Cloth. fiM 

;EATISB ON OPTICS ; or, Light and Sight, theoretically and 
practically treated ; vith the application to Fine Art and Indus- 
tdal Pursuits. By E. Nuqest. With one hundred and tUn>e 

illustrations. 

" Thia book ia of « pnetioal ntlier than a tlieoretic^ kind, and U do- 
signed to nflord accurate and complete infomuitioQ to oU interested in appli- 
^natloni of tb« science.'— Aim nJ TabU. 

PnE METRIC SYSTEM OF WEIGHTS -IND MEASURES. 
^' An Address delivered before the Oonvocation of the Uuiversi^ uf 
the 8t»te of Neiv York, at Albany, August, 1H71. By Fuedeeics 
u>. President of Columbia College, New York City. 
I Second edition from the Revised edition printed for the Trustees 
I of Columbia College. Tinted paper. 

" II ii the beat luannurf of the ugnmeDti is faror of the netrio mlghti 
'e ore aniu^UDled, not ooly becmiue it containa in 
11 ■pace the Iwdin^ hota of the cue, but bseuuo it pate the odTooac; uf 
kt Bjitem on the onlf tenable grounds, namely, the great conven 

il notation of weight and meanuv aa veil aa munef, the tbIiu of iot 
1 anifarmilj in the matter, and the toi^t that tbia metrio ■ 

w by the m.ajority of civiliied oations." — TAt Salion. 



Barnard's Metric System. 

8vo. Brown cloth. $3.00. 
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Harrison's Mechanic's Tool-Book* 

12mo. Cloth. $1.S0. 

HECHANIC'S TOOL BOOK, with practical rules and suggestionfl, 
for the use of Machinists, Iron Workers, and others. Bj W. B. 
HARRisoir, Associate Editor of the " Ameriocui Artisan." Iliustra- 
ted with 44 engravings. 

« This work is specially adapted to meet the wants of Machinists and wofk- 
ers in iron generalij. It is made up of the work-day experience of an intelli- 
gent and ingenious mechanic, who had the faculty of adapting tools to yarioos 
purposes. The practicahility of his plans and suggestions are made apparent 
eren to the unpractised eye hy a series of well-executed wood engravings."— 
Pfuladelphia Inquirer. 

Pope's Modem Practice of the Elec- 
tric Telegraph, 

Ninth EiUtkm. 8m Cloth $2.0a 

A Hand-book for Electricians and Operators. By Fhaitk L. Pope. 
Seventh edition. Beviserd and enlarged, and fully illustrated. 

Extract from Letter of Prof Mone, 

" I have had time only cursorily to examine its contentfs but this exsminar 
iion has resulted in great gratification, especially at the faiznees and unpre- 
judiced tone of your whole work. 

** Tour illustrated diagrams are admirable and beautifully executed. 

" I think all your instructions in th^use of the telegraph apparatus judi- 
cious and correct, and I most cordially wish you success. " 

Extract from Letter of Prof Q, TV. Jlough^ of the Dudley Observatory. 

" There is no other work of this kind in the English language that con- 
tains in so small a compass so much practical information in the application 
of galvanic electricity to telegraphy. It should be in the hands of every osie 
interested in telegraphy, or the use of Batteries for other purposes." 



Morse's Telegraphic Apparatus. 

Illustrated. 8vo. Cloth. $2.00. 

EXAMINATION OF THE TELEGRAPHIC APPARATUS 
AND THE PROCESSES IN TELEGAPHY. By Samuel F. 
B. Morse, LL.D., United States Commissioner Paris Universal 
Exposition, 1867. 




Sabine's History of the Telegraph. 

12iuo. CUith. $l.a'}. 
HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
UKAFH, with iJeiwriptiuns of Home of tlio Appuratus. lly 
RuHKUT Sahixg, C. E. SeCDtid editiun, with additions. 

Cn!iTeN-r8.^L Eulj Otwemitinas of Electrical Phenmneiu. II. Tele- 
Kra[>)u by FriutiontJ Electrir^ity. III. TelEgrepbi by Voltaic Eln<triaiiy. 
IV. Talegrapha by Elocti\>-MsgnBti4m and Magneto-Electricity. V. Tclc- 
praphi now in UK. VI. Overbead Lines. V'H. Submarine Tolsgnpli I.iuei. 
VIII. UndBi^TQund Teletfraplj*. IX, Atmospheric Electricity. 



. Haskins* Galvanometer. 

^ Pocket fonn. Iliuilnted. Morocco tucka. $2.00. 

prHE GALVANOMETER, AND ITS USES; a Maunal for 
Eloclriciuna aud ijLudciits. By G. H. IIaskixs. 
"W« Lopa tblB eiMllent little work will Dieel wilb Iha ulfl its in «Ht« 
entitle it to. To evtry telegnpber wbo owni, or ate* > Oklvftoomeler, or 
•ver expeet< to. It will be quite ladiepeDuble." — n* T«legrapA*r. 



Culley's Hand-Book of Telegraphy. 

ero. Clolb. 93.00. 

A HAND-BOOK OF PRACTICAL TELEGRAPHY. By 
R. 8. Ct'LLKr, Engitietr to tlie Electric and Iat«ruatioiial 

Telegruph Company. Firth edition, retlsed atid eulurgcd. 



Foster's Submarine Blasting. 

410. Cloth. t;l.50. 

SIIBMAIUNE BLASTIXa in Boaton Harbor, MaMachusetts— 

RAoiuval of Tower and Corwiu Rocka. By Jouk G. Fostrb, 

Liuutvuont-Coluiiel of Engineers, and Brevet Uajor-Geueral, U. 

8. Anuy. lliustratod witli seven plates. 

>r Pl»tb8.— I. Skel'ih of the Nwmwm B.Htoo Harlx-r. S. 

B Subtcuu-inc Drilling Muohine. uiil Wurking Ve»el kttoodin^. 

i DriUiuK Machiiia employed. 4. Detail* of Drilling MncMiut 

I. C^rtniigu* Mild Truuptn^ UaviL ti. Fiubh luiJ 1u«ii1aUh1 Vi tivt 

7. Fortablc Friction Butter; u, 





Barnes' Submarine Warfare. 

Sro. Cloth. $6.00. 

SUBMARINE WARFARE, DEFENSIVE AND OFFENSIVE 
Comprising a full and complete History of the Invention of the 
Torpedo, its employment in War and results of its use. De- 
scriptions of the Tarious forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Electricity, and a full account 
of experiments made to determine the Explosive Force of Gun- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and influence upon 
Future Naval Wars. By Lieut-Commander Jonx S. Babxes, 
U. S. N. With twenty lithographic plates and many wood-cuts. 

" A book imimrtant to military men, and especially so to engineers and ar- 
tillerists. It consists of an examination of the varions offensive and defeosiTS 
engines that have been contriyed for submarine hostilities, incliiding a disons- 
sion of the torpedo system, its effects upon iron-dad ship-systems, and its 
probable influence upon future naval wars. Plates of a valuable chaiaoter 
accompany the treatise, which affords a useful history of the momentous sab- 
ject it disouases. A great deal of useful information is collected in its psgei, 
especially concerning the inventions of Scholl and Yebdu, and of JoXBi^ 
and HuNT*8 batteries, as well as of other similar machines, and the use ia 
submarine operations of gun-cotton and nitro-glyoerine." — If. T, 



Handairs Quartz Operator's Hand- 

Book. 

12mo. Cloth. $2.00. 

QUARTZ OPERATOR'S HAND-BOOK. By P. M. Baitdaii. 
New edition, revised and enlarged. Fully illustrated. 

The object of this work has been to present a clear and oomprehensiTe ex- 
position of mineral yeins, and the means and modes chiefly employed for the 
-nloing and working of their ores — ^more especially those containing gold and 
far. 




McOulloch's Theory of Heat 

8vo. Cloth. Id Frcsi. 

~AN ELEMEN'TAItY TREATISE ON THE MECHANI- 

CAI. THEORY OF HEAT. AND ITS APPLIUAnON 

TO AIK AND STEAM ENGINES. By Prof. E. S. Mc- 

CCLLOCU. 



Benet's Chronoscope. 

Stieowl Edition. 

nioalmad. ^to. Clotli. |3.0a 

ELECTRO-BALLISTIC MACHINES, and the Soliulte Chrono- 
Boope. By Ijieuteniuit-Colunel S. V. Bbrkt, Captaiu of Ordiiiuuw, 
U. S. Amiy. 

CoKTEtCTS.— 1. Bftlliitia Pendulain- S. Clnn Ponduliun. 3. XJh of £1r> 
trioily. 4. Nirei* Uitchiiia. G. ViKnoCti'sMaolime, with PUCm. 0, Bcnton'i 
EleotiM-Bimutia Pondulnin, with Plate*. T. Leur'* Tro-Pendulum Uutiina 
S. Sahulti'i ChrcooMxipa. irith two PlatM. 



Michaelis' Chronograph. 

4to. niiutrated. Cloth. $3.00. 

THE LE BOULENGfi CHRONOQHAI'H. With throo litho- 
^m{>Iit.«l folJiiig platea of illustrationa. By Brevet Cajitaiu O E. 
UicuiKLis, First liiouteuont Oninanco Corps, U. S. Anny. 

" The ricellpDl monograph of Captain HJrhiwli* «nt«n minuteljr into th« 
detauU u( (vmstruation aail miiu^mctit. and giru ttble* at tho tiuinof Bl^ht 
ea]aa1ale<l upon * given fall u( the ohri>niinictpr fur all diatMum. Cuptaia 
Hiohneti* hu dime good Krvioe in prMonting tliiii wnrk to hi* brother otBoen, 
Jfiiiliiint, lu it Aon, va initnlmeat which bids fair ta b« ii 
utM futtini bolliatio ezperimanta.' — Army nnd Xatg thumal. 
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Silversmith's Hand-Book. 

Fourth Edition. 

niastrated. 12mo. doth. $3.00. 

A PRACnOAL HAND-BOOK FOR MINERS, MeteUuipstB, 
and Assayers, comprising the most recent improvements in tiie 
disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with a Comprehensive Digest of the Mining 
Laws. Gh:«atly augmented, revised, and corrected. Bj Jitliits 
Silversmith. Fourth edition. Profusely illustrated. 1 vol 
12mo. Cloth. $3.00. 

One of the most important features of this work is that in which the 
metaUurgy of the precious metals is treated of. In it the author has endeav- 
ored to embody all the processes for the reduction and manipulation of the 
precious ores heretofore successfully employed in Germany, £ngland, Mexico, 
and the United States, together with such as have been more recently invented, 
and not yet fully tested — all of which are profusely illustrated and easj of 
oomprehension. 



imms' Levelling. 

8vo. Cloth. $2.60. 

A TEEATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING, showing its application to purposes of Bailwaj 
Engineering and the Construction of Roads, &c. By Fredbkicx 
W. SiMMs, C. E. From the fifth London edition, revised and 
corrected, with the addition of Mr. Law's Practical Examples for 
Betting Out Railway Curves. Illustrated with three lithographio 
plates and numerous wood-cuts. 

** One of the most important text-hooks for the general surveyor, and there 
is scarcely a question connected with levelling for which a solution would be 
sought, hut that would he satisfactorily answered hy consulting this volume." 
— Mining Journal, 

** The text-hook on levelling in most of our engineering schools and col- 
leges.** — Engineers. 

'*The publishers have rendered a substantial Berrice to the prolMiioii, 
especially to the younger members, by bringing out the preoeiit editioa of 
lb. Simms useful work." — Engineering. 




Stuart's Successful Engineer. 

ISmo. Binrda. 50 cents, 
HOW TO BECOME A SUCCESSFUL ENGINEER: Being 
Hints to Youths intending to adopt the ProfesBion. Bjr 
Bebnahd Stpaet, Engineer. Sixth Edition. 

I to jDune nifn wlio 
—SeUntijlc J 



Stuart's Naval Dry Docks. 

Twcutj-four cngTariogi on steel. 

Fourth ICdiUon. 

4to, Cloth. |d.OO. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 
By Cbablim B. Btdabi. Eu^neer in Chief of ihe United Statoa 
Navy. 

Xi»( of lU-wstrationa. 

Pumping Engme uid Fumpa — Plan of Drj Dock uul Pamp-Well-Sea- 
tlaDu ii( Dry Duck — Enifiiie Houaa— Iron Flouting G»le — DotniU of Floating 
0«I»— Iniu Turaing Gatc—PUn of Turning G«te— Culwrt Gate— Filling 
CalvFTt Qntes—EngiDo Bed— Plate, Pump*, uid Culvert— Engine Houm 
Boot—Ploatiug Sectional Dock— DotuU of Section, and PUn of Tuni-Tablea 
— Plan of Baiin and Marine Bailmyi — Pbm of Sliding Ffuda, tLnd Eloirstian 
of Pumpe— Ujdrauliu Cylinder — Plan of Gearing for I'umpa and End Flmita 
— Pmfieitive View of Duck. Baain. Bnd Railway— Plan of Baaiu of Porta- 
tnnuth Dry Dock— Floating Balauoa Doek—KloTation of Tmawa and Uie 3La- 
«hiaery — PertpDcUie View of Bolanoe Dry Dock 



I 



Free Hand Drawing. 

ProfuBely lUiutrated. ISmo. BoArda. 60 cenU. 

GUIDE TO ORNAMKNTAL, Figure, and Landsoapo Draw- 
By an Art Student 

Con Tlf STB. -Materials employed in Drawing, and how to n>e (hnn— On 
^uaei and how to Druw them-^.Ou Shsdin^ — Cozic*miiig line* and iJiading. 
"^ith appliaationa of tliein to aiuple eloraancary aubjecta — Skeldtoa frum I\»- 
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Minifie's Mechanical Drawing. 

XiwUh EdUian. 

Bo jal 8to. Cloth. $4.00. 

A TEXT-BOOK OF OEOMETBICAL DRAWING for the use 
of Mechanics and Schools, in which the Definitions and Bales of 
Geometry are familiarly explained ; the Practical Problems are 
arranged, from the most simple to the more complex, and in their 
description technicalities are avoided as much as possible. With 
illustrations for Drawing Plans, Sections, and Elevations of 
Buildings and Machinery ; an Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perspective and Shadows. Dlus- 
trated with over 200 diagrams engraved on steeL By Wm. 
Mu?iFi£, Architect Eighth Edition. With an Appendix on the 
Theory and Application of Colors. 

" It is the best work on Drawing that we have ever aeen« and is especiall j a 
text-book of Qeometiical Drawing for the use of Mechanics and Schoolib No 
young Mechanic, such as a Machinist, Engineer, Cabinet-Maker, Millwright, 
or Carpenter, shoold be without it" — Scientific American,. 

'* One of the most comprehensive works of the kind ever jmblished, and csi^ 
not but possess great value to builders. The style is at once elegant and sub- 
stantial^ — Pennsylvania Inquirer, 

** Whatever is said is rendered perfectly intelligible by remarkably well- 
executed diagrams on steel, leaving nothing for mere vague supposition ; and 
the addition of an introduction to isometrical drawing, linear perspective, and 
the projection of shadows, winding up with a useful index to technical tenna** 
— Glasgow Mechanics* JoumaL 

yy The British Government has authorized the use of this book in their 
schools of art at Somerset House, London, and throughout the kingdom. 



Minifie's Geometrical Drawing. 

yew Iklitian. Enlarged. 

12mo. Cloth. $2.00. 

GEOMETRICAL DRAWING. Abricjged from the octavo edition, 
for the use of Schools. Illustrated with 48 steel plates. New 
edition, enlarged. 

" It is well adapted as a text-book of drawing to be used in our High Schooli 
and Academies where this useful branch ol the fine arts has been hitherto too 
much neglected." — Boston Journal. 







Bell on Iron Smelting. 

8to. Clulh. $B.01. 
CHEMICAL PHENOMENA OF lEON SMELTING. An ex- 
]>erimeiitat and practical exaininatioa of the cLrcumatanciis which 
di-tt-rmiae tlio capacity of the Blnat Fumaoe, llie Temjioratunt 
of tho Air, and the I*ruper Coudition of the Miitoriftls to be 
oittTotod u2>oii. By I. I^iwTin.iK Dell. 

Battershall's Legal Chemistry. 

Illustrated. ISmo. Cloib. In press. 

OATi CHEMISTRY, A Guide to the deteotirtii of Poisonfl, 

ilsificatioa of Writings, Adulteration of Alimentai^ nnd 

Stunnuccuticol Suliatances ; Aimlysis of AshcB, mid Exuniinn- 

1 of Iluir, Coins, Fire-Arm^, and Stains, as iipplicd to 

bemical JnrisprndeDce. For the nso of Chemists, Piivsi- 

fains, Lawyers, Pharmncists. and Experts. Ti-anslated with 

■ditions, JDcliiding a list of books and memoirs on Toxi- 

, etc., from tho Freneii of A. Naqcet. By J. P. Bat- 

isHALL, Ph,D., with a Piofacc by C. F. Chajidler, Ph.D., 

f.D., LL.D. 

King's Notes on Steam. 

Xine/rmth Edition. 
8vo. Cloth. W.00. 

BONS AND PRACTICAL NOTES ON STEAM, the Steara- 
>, ProfKilIerB, &c., Ac,, fur Voung Engineers, Studunts, and 
By till- late W. R. Kiwq, U. 8. N. Revised by Chief- 
*.r J. W. Kisa, U. 8. Navy. 

i>TU! of tho best. bocaoM emioontl j plkin uid pmctiool tnktiaei on 
•am Engine over publubvd.* — Pluliiitdphm I'rrtt. 

la u th« thirlaenth sdition at m valoabta work □( tho Isto W, H. King. 
L N. Il coDt&iiu Iwom msd ptuctiral nutei (m Staim anil tho Sleun En> 
!. PropctlPls, oW. 1 1 U ealiTulnliKl tu bo u( grmt uhb to jnuag marine cn- 
^inmni. nluilonta. and othcn. The leit ia lllwitTBtcd Bnil oxplainnl hy nu- 
inrruiis dingnimi uid M|)na<intaUcina of machinoty. — Doilun IXiilg Aittrr- 
ittir r. 

nt-book at the V. 5. Naril Aoodemy, Antt*tiolw. 
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Burgh's Modem Marine Engineering. 

One thick 4to vol. Cloth. $25.09. Halfmoroooo. $80.00. 

MODERN MARINE ENGINEERING, appUed to Paddle and 
Screw Propulsion. Consisting of 3G Colored Plates, 259 Practical 
Wood-cut Illustrations, and 403 pa^s of Descriptiye Matter, the 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Rennie ; 
Messrs. R. Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. 
Ravonhill & Hodgson ; Messrs. Humphreys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Buboh, 
Engineer. 

Principal Contents. — General Arrangements of Enginea, 11 examples 
— General Arrangement of Boilers, 14 examples — Cleneral Arrangement of 
SuperkeaterR, 11 examples — Details of Oscillating Paddle Engines, 34 ex- 
amples — Condensers for Screw Engines, both Injection and Surface, 20 ex- 
amples — Details of Screw Engines, 20 examples — Cylinders and Details of 
Screw Engines, 21 examples — Slide Valves and Details, 7 examples — Slide 
Valve, Link Motion, 7 examples — Expansion Valves and Grear, 10 exam- 
ples — Details in General, 30 examples —Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler Fittings, 28 examples - In relation to the Princi- 
ples of the Marine Eng^ina and Boiler, 33 examples 

Notices of the Press. 

"Every conceivable detail of the Marine Engine, under all its varions 
forms, is profusely, and we must add, admirably illustrated by a multitude 
of engravings, selected from the best and most modem practice of the first 
Marino Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in existt noe which will bear a 
moraent*s comparison with it as an exponent of the BkUl, talent and practical 
experience to which is due the splendid reputation enjoyed by many British 
Marine Engineers."— ^w^/ne^*. 

** This very comprehensive work, which was issued in Monthly parts, has 
just been completed. It contains large and full drawings and copious de- 
scriptions of most of the best examples of Modem Karine Engines, and it is 
a complete theoretical and practical treatise on the subject of Marine Engi- 
md&nxkf^,^^ American Artisan, 

Thi.i 13 the only edition of tho above work with the beavtifnlly eoiand 
plates, and it is out of print in England. 



D. VAN JVOSTJiAXD. 



Bourne's Treatise on the Steam En- 
gine. 

Xiiith Ei(iti»n. 
lUoitrnted. 4tfl. Cloth. |16.00. 
TREATISE OS THE STE.\Sr ENGINE in iU various applica- 
r tions to Minos, Mills, SUoini Navigatiou, liuilwaya, and A^iuul- 
■ turo, with t!io thooretical investigstiuns reapectiog tho Motive 
IFuwcr of Heat and t!ie proper Fi-oportions of Steam Engines. 
{Elaborate Tables of tlie ri^Ut dimensions of everv port, and 
practical lustructions for tlie Manufacture and Management of 
■•very sjfeciea of Engine in actual use. 6j JoHit lioDUMC, being 
I the ninth edition of " A Treatise on the Stoam Engine," by 
'Artisan Club." Illustrated by ttiirty-eight plates oni] five 
\ 'hundred and forty-eix wood-cuts. 

As Mr. Boume'i trork his the great merit of aT^dinf imwmnd and imnib- 
"tura Tiowi, it may safply ba consultcil by alt who aro nallj donrDun of so- 
^uiriog traitwurthy infurmution on tha Rulijeut of irbich it treals. Daring 
the twnnty-two ycnra which huvo clapsal from tha issue of the first nlitlon, 
Ibo impniremcnls intnxlaced in tlio consimctian of tliA stcain engine ham 
"bvoo tioth numerous and importnut. Dnil of thcMt Mr. Jloume 1iii> biltni mn 
to point out the more pramincnt. aiij to famisli the rosdrr with suf^li iiifoi^ 
matton ns utiill enable him nudily to judge of their relatiro vbIqo. This cdi- 
Uon hsu been Ibotoughly modimljied, >nd mnde to nceord with the oi'inion* 
Milt pnutice uf the more suoccssrul engineers of the presmt day. AH tliet 
tile book professes to give is given with ability and oridcnt rare. The sden- 
tlAo priai:iplos which are pcnDsnent are admirably explained. nnJ rcfuren'^ 
U mida ^I many of the more vuluablo of the recently iatKNlaee^l ™;;ines. Tu 
ex|irc» an opinioa of the value and utility of suah a work as T'V ^rl»an 
Vinb't Trcitt.'nr on th« Steam Knjine, vhioh baa passed throagh eij^lit cditiuiia 
tIrMd}>i would bo frupcrfiuoiu ; but it mny bo safely stated ihat tlic work ii 
Worthy Uie uttcntivo study uf all rithvr mgaged in the m^uin^turv <'f elcaiii 
•ngiae* or intomtod in ecoaonUiiig tha use of steam. — Hiaiiig Jvuriuil. 



Sherwood's Engineering Precedents. 

Two Vols, in On.T. 8v.^ Cloth. ^AO. 
GINEEKINQ PRKCEDENT3 FOB STEAM MACHINERY, 
in tho inoBt practical and useful maiinurfor Eugintwni. 




.1 Eagiaeer, U. S. Navy. With illus- 



Ward's Steam for the Million, 

New and Revised EdUian. 

8va Cloth. $1.00. 

STEAM FOB THE MILLION. A Popular Tieatise on Steam 
and its Application to the Useful Arts, especially to Naviga- 
tion. By J. H. Wabd, Commander U. S. Navy. New and re- 
yised edition. 

A most excellent work for the jovaig engineer and general reader. Ifaaj 
facts relating to the management of the boiler and engine are set forth with a 
simplicity of language and perfection of detail that bring the snbjeot hons 
to the reader. — American Engineer, 



Walker's Screw Propulsion, 

8to. Cloth. 75 oents. 

NOTES ON SCREW PROPULSION, its Rise and History. By 
Capt W. H. Walker, U. S. Navy. 

Commander Walker's book contains an immense amoont of ooncise piacti- 
cal data, and every item of information recorded fully proves that the Tarioas 
points bearing upon it have been well considered previously to expressing an 
opinion. — fjondon Mining JournaL 



Page's Earth's Crust, 

18mo. Cloth. 75 cents. 

THE EARTH'S CRUST : a Handy Outline of Geology. By 
David Paob. 

" Such a work as this was much wanted — a work giving in dear and intel* 
llgiblo outline the loading facts of the science, without amplification or irk- 
some details. It is admirable in arrangement, and clear and easj, and, at the 
aamo time, forcible in style. It will lead, we hope, to the introduction of 
Geology into many schools that have neither time nor room for the study of 
Urge tMatises.**— 77U Mueeum. 



J 
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Rogers' G-eology of Pennsylvania. 

3 Vols. 4t<.. with Portfolio of Mapa, Cloth, faO.OO. 
THE GEOLOGY OF rENNSYLVANIA. A Government Snr- 
Tey. With a general view of the Geology of the Unitixl State*, 
Easays nn the Coal Formation anil its Fossila, and a description 
of the Coal Fields of North America and Great Britmn. IJy 
Henbt D«hwih Rikieks, l^te State G*ol*^Bt of Penn»vl»ani«. 
Splendidly illm^trnted with Plates and EngraWnga in the Text. 

It oertiutkly should be in everj pnblio lilimry .amu^hout the pounlrr. «n(l 
Ifkewuie in tde poMmdon otall atudenla of Oeolosn'- After tlic final ule ot 
theao copips, Ib^ work wilt, of coarse, become more vslnntile. 

The vorh tor tlie lut Ave yeut hu been entirelj Out of the mnrlcpt, bat K 
few oopim tliiit rem^inctl id the handi of Prof. Rogers, in Scotland, at the 
time of lilB tlirutli. ore now oSeeeA to the public, at a price vhioh i* eren 
below whot It was orit^nalty aoM for when flrat publUhed. 



Elliot*s European Light-Houses. 

61 Engravings and 31 Wood-cuts, Sro. Cloth. fS.OO. 

EUKOPI-:jVN LIOIIT-HOrSE systems. Being a Report of 
B Tonr of Insjit-ction made in 1873, liy Major Gkouije IT. 
Elliot, Cnrps of Kngincers, IT.S.A., member and Engineer 
Secretary of tlio light-houso Board. 



Sweet's Report on Coal, 

Bye. Cloth. |:l.OO. 

SPF/HAL REPORT ON COAL ; showing its Distribution, Clawi- 

fication, and Coat delivered over different routes to various ])oin1a 

in the (^tute of New York, and the principal citiea on the Atlantic 

Coast By S. II. Swan. With map*. 



Oolbum's Gas "Works of London. 

13mo. Board*. 60 cent*. 
J OAS WORKS OF LONDON. By Zsa^n CoLacmx, 



i 
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The Useful Metals and their Alloys ; 
Scoffiren, Truran, and others. 

Fifth Edition. 

] Sro. HalfoBll $a7SL 

THE USEFUL METALS AND THEIR ALLOTS, indfidiiig 
MINING VENTILATION, MINING JLTULSPBITDENCE 
AND METALLUBGIC CHEMISTRY employed in the oonrer- 
sion of IRON, COPPER, TIN, ZINC, ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRIAL 
ARTS. Bj JoHX SooFFEmr, William TniriLLir, Willijlm Clit, 
Robert Oxlaxb, Wiijjax Fairbauut, W. C. Arrus, and Wiir 

UAM YO0B PlCKBTT. 



Oollins' Useful Alloys. 

18mo. Flexible. 75 cents. 

THE PRIVATE BOOK OF USEFUL ALLOYS and Memo- 
randa for Goldsmiths, Jewellers, etc. By Jaxes E. Coluxs 

This littl^ book is compiled from notes made b j the Author from the 
papers of one of the larj^t and most eminent Mannfeu)taring Ooldsmiths and 
Jewellers in this conntrj, and as the firm is now no longer in existence, and the 
Author is at present engaged in some other undertaking, he now offars to the 
public the benefit of his experience, and in so doing he begs to state that all 
the alloys, etc, given in these pages maj be confidently relied on as being 
thoroughly practicable. 

The Memoranda and Receipts throughout this book are also compiled 
from practice, and will no doubt be found useful to the practical jeweller. 
-^hirl^g, July, 1871. 

Joynson s Metals Used in Construction. 

12mo. Cloth. 75 cents. 

THE IklETALS USED IN CONSTRUCTION: Iron, Steel, 
IWssemor Metal, etc, etc By Fr\scis Ke&be&t JoTXSOir. Il- 
lustrated. 

** In tho intoivsta of practical science, we are bound to notice this work ; 

and to thoae who wiah further information, we should say, buy it ; and the 

iUar, wtf honestly bcUere, will be considered well spent." — Scientific 




Prescott's Proximate Organic 
Analysis. 

13mo. Cloth. 91.TC. 
OUTLINES OF PROXIMATE ORGANIC ANALYSIS 
for Uie Idenlification, Separation, and Quaatitative Doter- 
niinntion of tho more commonly occurring Organic Com- 
ponnds. By Aliiert B. Prescott, Profeeeor of Organic 
and Applied Cbemiatry in the University of Michigan. 



■ Prescott's Alcoholic Liquors. 

^B ISmo. Cloth. 11.50. 

CHEMICAL EXAMINATION OF ALCOHOLIC LI- 
QUOllS. A Mannal of the Constituents of the DiBtilled 
Spirits and FennentM Liciuors of Commerce, and their 
Qtialitutivo and Quantitative Peterminationa By Albert 
B. Pbescott, Profeasor of Organic and Applied Chemistry 

^^ in tho University of Michigan. 

B Greene's Bridge Trusses. 

I avo. niustnited. Cloth. ^.00. 

OBAPniCAL METHOD FOR THE ANALYSIS OF 
I, BRIDGE TRUSSES, extended to Continuoaa Girders 

Iwid Draw Spans. By Ciiakles E. Orbene, AW., Pro- 
fessor of Civil Engineering, University of Michigan. lUus- 
iiated by three folding plates. 



Butler's Projectiles and Rifled 
Cannon. 



4to. 36 PUtca. Cloth. IT.Oa 
PROJECTILES AND RIFLED CANNON. A Critical 

Discussion of the Principal Systems of Rifiing and Projcc- 
' tiJea, with Practical Suggestions for their Improvement, as 
KjNnbrvocd in * Report to the Gliief of Ordnance, U.S.A. By 

Capt. Joint S. Bltleb, Ordnatoo Corjuj, U.S.A. 
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Peiroe^s Analytic Mechanics. 

4to. Cloth. $10.00. 

SYSTEM OP ANALYTIC MECHANICS. By Bekjamot 
Peirce, Perkins Professor of Astronomy and Mathematics in 
Harvard HDiTersity, and Consulting Astronomer of the 
American Ephemeris and Nautical Almanac 

" I hare re-examined the memoin of the great geometers, and hare stiffen 
to oonaolidate their latest reeearohes and their most exalted forms of thought 
into a oonsistent and uniform treatise. If I have herebj succeeded in c^mu- 
ing to the students of mj country a reedier access to these ohoioe jeweb of 
intellect ; if their brilliancy is not impaired in this attempt to reset them ; if, 
in their own constellation, thej illustrate each other, and ooaoentiato 
a stronger light upon the names of their disoorerers , and, sUU more, if say 
gem which I may have presumed to add is not whoUy lustreless in the oolleo- 
tion, I shall feel that my work has not been in yMhiP^KxirofU ftom ik$ iV#- 

Burt's Key to Solar Compass. 

Second Edition, 

Pocket Book Form. Tuck. $2.50. 

KEY TO THE SOLAR COMPASS, and Surveyor's Companion ; 
comprising all the Kules necessary for use in the field; also, 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on the Barometer, Suggestions for an 
outfit for a Survey of four months, etc., etc., etc. By W. A 
BuBT, U. S. Deputy Surveyor. Second edition. 



Ohauvenet's Lunar Distances. 

8yo. Cloth. $2.00. 

NEW METHOD OF CORRECTING LUNAR DISTANCES, 
and Improved Method of Finding the Error and Rate of a Chro- 
nometer, by equal altitudes. By Wm. Chauvbket, LL.D., Chan- 
cellor of Washington University of St Louis. 
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Jeflfers' Nautical Surveying. 



NAUTICAL SURVEYINO. By Wilu*ii N. JsmtB^ Captain 
U. S. Navy. 

Muif boolca luTs been writlea on Meh ot the nibjafti traktcd of fn tha 
nxteen clmptera of ttiii mirki kbA, 1« obtBUi > ooiuplete knowlodg* at 
gflodfltip (lurTejiiig require« > prufnuikd atudy of the vholc range oF ouitlie- 
matioiJ uid phyiiical noienoM; but a jeiiT of propustioQ iLould reDder uijr 
inlelligeDt ufficer eumpotent to ounducl a niatioal tumy. 

CoKTENTB. — Chapter L FormutB and Constant* UReful in Snrr^itg 
IL DiatinotiTo CharadcT ot aurreys. UI. Hydroguiphic Surveying unilor 
8»U ; or, RunQin(f SurTcy. IV. Mydrogr»phic Snirejing o\ Bo>ta ; or, Hat- 
bnr Surrsy. V. Tides— DvBnition of Tidsl rbenomflna — TidM ObMrrstioiu. 
VL Heoaurement of Bai Appropriate and Direct VII. HeMOremcnt ot 
the Angles of Trlonglee— Admutha — AttToaonAcal Bearinga. VIII. Currow 
lioTU to be Applied to tho Obsarved Angles. IX. Levelling— IHIfDniKw of 
Level. X ComputatioD of the 3idea of the Triangulatian — The Thiee-point 
Prwbiem- XI. Determination o( tha Qcodotia Latitude*. LongitBitM, and 
AiimnUu. of Painta of » TriuignlatioD. XII. Summary of Subject) tratvd 
of in pnjooding Chapter* — Euunplia of Compulktiou by Tarioui Forniulie. 
XUI. Projection ot Ch&ru and Plana. XIV. AatroQomical Detenninaticn of 
I^titadA and Lon^tude. XV. Magnetic Obrntrvationa. XVI. Deep Se* 
Soomdinga. XVIL Tabic* for AMertaining Dinanoee at Sea, aod a fall 

LUt of Plaits. 

PUto L Diagram IllnstraUve of the TrUngnlatJon. 11. RpMinnn Pag* 
of FinldBook. III. Running Sorvey of [ Cout. IV. Example of a Running 
Survey tram Belcher. V. Flying Snrvey of an laland. VI. tturvey of k 
Sh(»l. VIL Boat Surrey al a River. VIIL Thme-Poial ProblMn. IX. 
Triiutgulation. 

Coffin's Navigation. 

Fifth Edition. 

lauo. Olath. «3.Hl 

NAVIOATION AND NAUTICAL A8TR0N0MT. Prepwwl 

for tltu u»o of tha U. H, Nav»l Aondnmy. By J. H. C. Corrw, 

I'ruf. of AstruQuiuy, NftvigatioD and Surroying, with 62 wood- 

, cut illuitratioiu. 
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Clark's Theoretical NavigatioiL 

8to. Cloth. $8.00. 

THEOBETIOAL NAVIGATION AND NAUTICAL ASTEON- 
OMY. By Lewis Cla&x, Lieut-Commander, U. 8. NaTj. D- 
lufltrated with 41 Wood-cuts, including the Yemier. 

F)r«pu«d for Use at the U. S. Naral Aoademj. 



The Plane Table. 

Blnatnted. 8to. Oloth. $3.00. 

ITS USES IN TOPOGRAPHICAL SUBVEYING. Prom the 

Papers of the XT. S. Coast Survey. 

This work c^ves a desoriptioii of the Plsae Table employed at the U. S. 
OoMt Surrey OfBoe, tnd the maimer of oaing it. 



Pook on Shipbuilding. 

Sto. Cloth. $5.00. 

METHOD OF COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
eluding a Chapter on Laying off on the Mould-Loft Floor. By 
Samitsl M. Pook, Naval Constructor. 1 vol, 8to. With illus- 
trations. Cloth. $5.00. 



Brunnow's Spherical Astronomy. 

8to. Cloth. $6.50. 

SPHERICAL ASTRONOMY. By F. Bbotwow, Ph. Dr. Trans- 
lated by the Author &om the Second German edition. 




ESTIOATIONS OF roltMlILAS, for tho Strength of th*. 
Inm Parts of Steftin Uackinery. By J. D. Vui fidKBK, Jr., C. E. 

This is an Boalytioikl diacuuion of the formulA emplojed by meobmioal 
mgineera in determiDing the rapturing or crippling preMure in the (tiffiirent 
parts of a, machine. The tormalw &re founded upoa the principlr, that the 
different ports of t, machmc should be equally stront;. tuid are dcreloped in 
V lo the oltimate streDgth of the materiil in order to Icsto the ohoio* 
>r of safety to the judgment of the dcugnor. —SiUiman't JiiumoJ. 



Joynson on Machine Gearing. 

8vo, Cloll.. 12.00. 

THE MECHANIC'S AND STUDENT'S GUIDE in t!ie Design- 
ing and Construction of Uenoml Muoliino Gearing, as Eocentrios, 
Screws, Toothml Wheels, etu., and iha Dru«-ing of IWliUneal 
and Curved Surfaces ; with Pmatioiil Rules and Details. Edited 
by Frikcib HEaBBar JorNBo.i. Illuetrated witk 18 folded 
plates. 

" The um of this work is lo be a guide to mechuiics in the dMJgning and 
oonitruotiua of generil maohinu-i^iring. This denijn it woU fulfils, being 
plainly and senubly mitten, and protosely Uluatratnl." — mndaj/ TimtK 



Bamaxd's Report, Paris Exposition, 
1867. 

lUnstrated. 8ro. Cloth. #5.00. 
REPORT ON MACRINERT AND PROCESSES ON THE 

INDUSTRLVL ARTS AND API'ARATUS OF THE EXACT 

SCIENCES. By F. A. P. BiasAao, LL.D.— Paris Umver»»l 

Exposition, 1867. 

■■ We luive in this Tolmne the ronilta of Dr. BsniMd's stndy of ths Puis 
Etpoaltlon of I8fiT. in the form of nn uflioiid Report of the GoTFrnmeiit, It 
Is tlie most eihsustire trentiie npan modem iDTentiona that has Bppmral 
aiacD the Unirvrwl Exhibition of 1^1, and we doubt II mjJLia^ t^ual lu it 
hae nppewftl this oentury."- Joumai AppUed CkmuHrg. 



r 
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Engmeering Facts and Fignres. 



■ AX A^^XUAL BBGXSTER OF FROOBES8 IN ICBCHANI- 
I CAL £XGIXE£RIXG AXD CONSTRUCriON, fat the Yean 

l^«»-i&l-65-6&-6T-S^ FoDj flfautzmted. 6 Talumes. 



Beckwith^s Pottery. 



OBSERTAHO:^ ox the materials and ManufBustiiie of 
TerT»-CaC£a« SiDo^Warei» Fiie-Bnck, Poroelam and Encaustic 
Tile&, vidi Bemarks on the ProdnetB exhihitad at the London 
IntenaSknal Kxhihitinn, 1871. By Akthitk B i b ci^w it h, CSfil 



idieomea under tiie head of Fbt> 
sad aeide from tiie intereet wbidi 
win be of oooaidetmblo Telne to 



Dodd's Dictioiiary of Mann&x^tures, etc. 

12bol CIoUi. tfLOO. 

DICTIONARY OP MANUFACTURES, MINING, MACHIN- 
ERY, AXD THE INDUSTRIAL ARTS. Bj Geobgb D^dd. 

This wort; a aaaU book on a great eubjeet, treate, in alpbabetieal ar- 
rangement» of thoae nnmecoos matters which oome generallj within the mge 
of maimfartiiree and tiie prodoctiTe arts. The raw materiala — ^wSm*!^ TOge- 
table, and mineral — ^whence the mannfactnred prodocte are derired, are ano- 
einctlj notieed in oonneetkm with the prooeeees which thejr undergo, bat not 
as subjects of natoral history. The operations of the Mine and the Mill, the 
Foundrj and the Forge, the Faetorj and the Workshop^ are pemnd under r»> 
Tiew. The principal manhinwi and engiufis, tools and i^yparatua, oonoemed in 
manq factoring processes, are briefljr deecribed. The scale on which oar diief 
branches of nstionsl indastrj are conducted, in regard to Talues and quantitMi^ 
is indicated in Tarioos wa ja^ 



D. VAN KOHTKAND. 



Stuart's Civil and Military Engineer- 
ing of America. 

8»o, Illint™ted. ai.tl.. $5.00. 

THE CIVIL AND MILIT.UIY ENGINEERS OF AMERICA. 
By Goneral CaARLua B. Stuart, Author of " Naval Dry Dookg 
of the United States," etc., etc. Emliollished with iiino fiiialy 
executed portraits on steel of eminent CD^neera, and ilhistrutud 
by engraviogs of some of the most important and original works 
ooQstructed in America. 

Contsining okctcbcs of the Life sad "Worla of Ifajor Anibew Gllioott, 
Jitmrs G«ddfH (with Fortrslt . Bivjamin Wriglit (with Portnit). Cuitu* 
'W!iit« (with Portrait}, David Stanhopo BatiM, N>th<ui S. Euliprt*. Oridlir 
Brjrmitfwiih Portrait), GcnmlJiwcph G. Swift, Jecss L. Willirnns [with 
PortrBit;, Colonel Williun McReo, Sumnrl IT. Kiit«u, Captain Jo!m Chlldo 
with Portrait , Fredorivk Hurboch, Mujor David Bate* DougU* iwith Por- 
trait), Jonatban Knighl, Benjomia II. Litroba (with Portniit). Colonel Cliiir< 
lea EUet, Jr. iwitb Portrait), Sumual Forrer, WiUiuu Stuart Walaon. ijtas. 
A. Boebliug. 



Alexander's Dictionary of Weights 
and Measures. 

8to. Cloth. »a.GO. 
UNIVERSAL DICTIONARY OF WEIGHTS AND MEAS- 
URES, Aucient nnil Modem, rmlueed to iho Btandnrds of the 
Uailod Stat<^ of America. By J. II. Alexavdeb. New edltion- 
1 vol. 

" As a Dtandard Work of rafprane«, thi« book ■honld bg in ererj lilirarjr ; i | 
!■ onn which we have \iwg wanted, and it will tarn much trouble lud re- 



Blake's Ceramic Art. 

8vo. aoiU, »3.00. 

A REPORT OS POTTERY. PORCELAIN, TILES, TERRA- 
COTTA, AND BRICK. By Wll,UA« P. Blake, United 
Statoa Commissioner Internal Exhibition ftt Vienna, 1873. 
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Saeltzer's Acoustics. 

12ma Cloth. $2.00. 

TREATISE ON ACOUSTICS in Connection with Tentilatioii. 
With a new theoiy based on an important disooveiy, of facilitat- 
ing clear and intelligible sound in any building. By Alexaitdbi 
Saeltzer. 

** A praotieftl and Tery acrand treatiae on a snlij^ot of great importanoe to 
architecta, and one to which there has hitherto been entirl j too little attentioa 
paid. The anthor^a theory ia, that, by bestowing proper care npon the pcnnt 
of Aooostios, the requisite ventilation will be obtained, and «*» twrM*— 
Brooklyn Union, 



Myer^s Manual of Signals. 

New Edition. Enlarged. 

12mo. 48 Plates full Boan. $5.00. 

MANUAL OF SIGNALS, for the Use of Signal Officers m the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlarged and illustrated. By Brig.-Qen. 
Albebt J. Mter, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the Bebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

18mo. Cloth. $1.00. 

CIPHER AND SECRET LETTER AND TELEGRAPHIC 
CODE, with Hogg's Improvements. The most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, and Diplo- 
matic Service, as well as for Brokers, Bankers, and Merchants. 
By C. S. Larrabeb, the original inventor of the scheme. 



D. VAN NOSTRAND, tt 

Rice & Johnson^s DIfierential Funo- 

tions. 

IBino. Cloth. 
ON A NEW METHOD OF OliTAIKING THE DIFFER- 
ENTIALS OF FUNCTIONS, wilh eBpecitd reference to Uie 
Nttwtouijin Conception of Kates or Velocilipg. B_v J. Minot 
EicE, Prof, of MuthcmaticB in the U. S. Navy, and W. Wool 
BEY JonKSON, Plot, of MflthcmaticB in St. Jblin's College, 
Aunapolis. 

Pickert and Metcairs Art of Graining. 

1 -vol. 4to. Cloth. HO.OO. 

THE ART OF GRAININa. How Acquired and How Produced, 
with deeoriptioa of oolors cind their application. By Cuablks 
FtcKEBT ELnd AsiuuitH Uetcalf. Beautifully illustrated with 42 
tinted plat«e of the varioua woods used in iulsrior finiahing. 
Tinted paper. 

Thu &uthora pretent h«T« the rMiiK of lonj oipwiomw in tho pTBotloe of 
thi* deoonttiTe >rt, and feel oonfidmt that th«y horob/ offer to their bPoUier 
•<Uhuu v. relimble guida lo impRiTsmeBt in the ptaetioe al grutiiaif. 



Porter's Steam-Engine Indicator. 

Third Edition. Revised and Enlarged. Pro. lUustratol. Cloth $3.80. 

A THEATISE ON THE RICHAUDS STEASI-ENfilNE 
INDICATOR, and tho Development and Ap|>lication of Force 
in the Steam-Engme. By CuABtM T. Pokteb. ^ ^^ 



One Law in Nature, '■ 

12niOL Cloth. ♦1.50. 

ONE LAW IN NATORE. By Capt. H. M. Luellb, U. 8. A. 
A Nifw CurpuMular Thi-tiry, oompivhendiug Unity of Furoe, 
Identity of Matter, and iU Multiple Atom Constitution, applied 
to th« I'hyitioal AStetions or Modea of Enorgy. 
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Ernst's Manual of Military En- 
gineering. 

198 Wood Cat! and 8 LItliognphed Plat^t. 12mo. ClotlL $5.00. 

A MANUAL OF PfiACTICAL MILITARY ENGINEEB- 
INO. Prepared for the use of the Cadets of the U. S. Militaij 
Academy, and for Engineer Troops. By Capt 0. H. Ebx8T| 
Corps of EngioeerSi Instructor in Practical Military Engi- 
neering, IT. 8. Military Academy. 



ChTiroh's Metallurgical Journey. 

84 mostraiions. Sto. Cloth. $2.00. 

NOTES OF A METALLUEGICAL JOUBNET IN 
EUROPE. By Johk A Church, Engineer of Mines. 



Blake's Freoions Metals. 

Svo. Cloth. $2.00. 

lUEPOET UPON THE PEECIOUS METALS: Being Statist!. 
cal Notices of the principal Oold and Silver producing regiom 
of the World. Bepresented at the Paris Universal Exposi- 
tion. By William P. Blaks, Commissioner from the Ststs 
of California. 



Clevenger's Surveying. 

ninftnted Pocket Form. Moroeoo Gilt $2M, 

A TREATISE ON THE METHOD OP GOVERNMENT 
SURVEYING, as prescribed by the United States Congress, 
and Commissioner of the General Land Office. With com- 
plete Mathematical, Astronomical and Practical Instmctions, 
for the nse of the United States Surveyors in the Field, and 
Students who contemplate engaging in the business of Public 
Land Surveying. By S. R. Cleyekoeb, U. S. Deputy Sur- 
veyor. 

* The repaUtion of the aathor as a snrrejor goarantaes an eshansilT* 
tfeatise on tbii subjeei."— DoJfcote JRepUier. 

" Sorrejon haye long needed a text-book of this description.— 2^ 
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Bow on Bracing. 

156 IlloBlrallont on Stone. Gto. Cloth. $1J>0. 

A TREATISE OX BlIACINO, with its upplicatiou to Bridges 
and other Structure? of Wood or Iron. By Roueiit IIksry 
Bow, C. E. 



Howard's Earthwork Mensuration. 

evo. niuslniwd. Clolh. |I.SD. 

EARTHWORK MENSURATION ON THE BASIS OF 
THK PRISMOIDAL FOUMl'LuE. Containing eimpio and 
lal)or-Baving method of oblaiuiiig Prismoidiil Contents direct- 
ly from End Areas. IlSustrated by Examples, and accom- 
panied by Plain Rules for practical uses. By Cosway 1L 
Howard, Civil Engiucer, Richmond, Va. 



"Major Howiuil hu given in this book a simple, vet perTctrtly srcimM 
nwthoil of aocertuiiing the aollil content! of any prlEmold. Tbe cMculaliou 
tram ond areas is corrected by tables well arranged and few in number : and be 
has a>l tbe accuracy of the prismoidiil fonuolm with scarcely more ti'oublc than 
In Bveragiug end anas. 

H. D. WHITCOMB, 

ChitfEngin—rClutaptattand Ohio It, It - 
E. T. D. MYERS, 

CMt/Kngiimr RMmumd, ^tdtriittitirg. a*J /Msnufl K. S." 



Mowbray's Tri-Nitro-Glyoerine. 

8ro. Clolh. IlluBtnlcJ. fS.OO. 

TRI-XITRO-GLYCERINE, as applied in the Tloosao Tunnel, 
and to Submarine Blasting, Torpedoes. QuarrriMg. clc Being 
the result of six yenrs" "bservaiion and priiciici' during the 
tnannfaoture of five hundred thousand pounds nf this explo- 
aivf. Mica Blasting Powder, Dynamites; with an account of 




the varions Systems of Blasting by Eleotri<Hty, Priming Com- 
pounds, Explosives, etc, eta By Oeobgs M. Mowbbat, 
Operative Chemist, with thirteen illostrationSy tables, and 
appendix. Third Edition. Be-written. 



Wanklyn's Milk Analysis^ 

12mo. Cloth. $1.00. 

MILK ANALYSIS. A Practical Treatise on the Examination 
of Milk, and its Derivatives, Cream, Batter and Cheese. By 
J. Alfred Waistklyk, M. R. G. S. 



Toner's Dictionary of Elevations^ 

8vo. Paper, $3.00. Cloth, $3.75. 

DICTIONARY OP ELEVATIONS AND CLIMATIC REG- 
ISTER OF THE UNITED STATES, Containing, in addi- 
tion to Elevations, the Latitude, Mean Annual Temperature, 
and the total Annual Rain Fall of many localities; with a 
brief Introduction on the Orographic and Physical Peculiari- 
ties of North America. By J. M. Toneb, M. D. 



Adams. Sewers and Drains. 

(In Presi.) 

SEWERS AND DRAINS FOR POPULOUS DISTRICTS. 
Embracing Rules and Formulas for the dimensions and con- 
struction of works of Sanitary Engineers. By JiTLirs W. 
Adaks, Chief Engineer of the Board of City Works, Brooklyn. 
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S>UNYJi UISlNa REQIOXS OF COLOR.UJO, with somo 
account of the different Processes now being introduced for 
working the Gold Ores of that Temtory. Bjr J. V. WHiiirar. 
l^mo. Paper. 25 oenta. 



COLORADO: SCHEDULE OF ORES contribotod \>j sundry 
persons to tlio Paris Universal Exposition of 18tiT, with suuie 
iut'ormatioD about tha R«gioi) and its Resources. By J. P. 
Whitsb?, Comnussioner from tho Territoi?. 6vo, Paper, willi 
Maps. 25 oenta. 



THE SILVER DISTRICTS OF NEVADA. With Map. 8vo. 
Paper, 'ih oesU. 



ARIZONA ; ITS RESOURCES AND PROSPECTS. By Hoa. 
U. C. McCoBsaoK, Secretary of tlis TerriUiry. With Map. 8vo. 
Pu[)er. 25 cauta. 



MONTANA AS IT IS. Being a general dsaoription of its Eo- 
•ources, both Mineral and Agricultural ; including a oumplete 
dcw;riptiuQ uf tlie face of tlie country, its climate, etc. Illustmlad 
trith a Map of the Territory, showing the dilfereut Roads and 
the location of the different Mining Districts. To which is 
appended a complete Dictionaiy of Tub Sn.ikr Linoc^iie, and 
also of the tiuuous Chinnook Jargon, with Bumeroua cntioal aud 
explanatory Notes. By Gbaittiuji Stdabt. 8vo. Papor. 92.00. 



RiVILWAY GAUQES. A Review of the Theory of Narrow 
Gauges OS applied to Main Trunk Lines of Railway. By Sii.xs 
SsYxeiiu, GmiL Consulting Engineor. Svo. Paper. 50 centa. 

REI'ORT made to th« President aud Executive Board of th* 
TexAs I'acific Ratlraad. By G«u. O. P. Bobll, Chief Engiuwir. 
8vu. Pa|>ur. To ceuts. 
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Van Nostrand^s Soienoe Series. 

It Hi the intention of the Pablieber of this Series to Ime them at Inter* 
Tale of about a month. They will be pat ap in a vniform, neat and attrae- 
tiye form, 18mo, fancj boarde. The aabjecte will be of an eminentlj 
•cientific character, and embrace as wide a range of topics as possible, all 
of the highest character. 

Frlost 60 Gents Saeh* 

CHIMNEYS FOR FURNACES, FIRE-PLACES, AND 
STEAM BOILERS. By R Abmstbokg, C. E. 

a. 
STEAM BOILER EXPLOSIONS. By Zesah Colbubk. 

8. 

PRACTICAL DESIGNING OP RETAINING WALLS 
By Abthuk Jacob, A. B. With Dlastrations. 

PROPORTIONS OP PINS USED IN BRIDGES. By 
Gharlbs E. Bexdeb, CE. With Dlastrations. 

6. 

VENTILATION OP BUILDINGS. By W. P. Butler. With 

Illustrations. 

a. 

ON THE DESIGNING AND CONSTRUCTION OP STOR- 
AGE RESERVOIRS. By Arthur Jacob.' Withlllastia- 
tions. 

r. 

SURCHARGED AND DIFFERENT FORMS OP RETAIN- 
ING WALLS. By James a Tate, 0. E. 

8. 

A TREATISE ON THE COMPOUND ENGINE. By Jomr 
TuRKBULL. With Hlustrations. 

FUEL. By C. Williah Siemens, to which is app ended the Talne 
of ARTIFICIAL FUELS AS COMPARED WITH COAL. 
By John Wobxald, Q. K 

lO. 

COMPOUND ENGDIES. Translated from the French of 
A. Mallet. lUustrated. 



D. VAX KOSTRAND. 



THEORY OF ARCHES. Bj Prof. W. Allas, of the 
AVaabington and Lee College, IlluBtrated. 
IS. 
A PRACTICAL THEORY OF VOUSSOIR ARCHES. By 
WiLUAu Caik, C.E. lUustraLcd. 
13. 
A PRACTICAL TREATISE ON THE CASES MET 
WITH IN UOAL-MINES. By the kle J, J. Atkinson, 
Guveriiinent IttspecUir of Mines for the Couuiy of Durhami 
Eugluud. 

14. 
FRICTION OF AIR IN MINES. By J. J. Atkinson, 
author of " A Priictical Treatise on the Gases met with in 
Oonl-Miiics." 

IB. 
SKEW ARCHES. By Prof. E. W. Bydb, C.E. IHastrated 
vith niimeroua eiigravingB and three folded plates. 
19. 
A GRAPHIC METHOD FOR SOLVING CERTAIN AL- 
GEBRAIC EQUATIONS. By Prof. Geokob L. Vobb. 
With illuslnitiuns. 

17. 
WATER AND WATER SUPPLY. By Prof. W. H. Coa- 
FiELD, M.A., of the University College, London. 
18. 
SEWERAGE AND SEWAGE UTIUZATION. By Pr«f. 
W. H. CouFiELD, U.A., of tho University College, London. 
19. 
STRENGTH OF BEAMS UNDER TRANSVERSE 
LOADS. By Prof. W. Allan, author of "Theory of 
Arches." With illustrations. 
20. 
BRIDGE AND TUNNEL CENTREa By Jobm R 
McMastbbs, C. E. With illustntiona. 
C). 
SAFETY- V.\LVES. By Bichabd H. Bcel, C.E. With 
Bill strut io us. 




The Rebellion Record. 

EDITED BY FRANK MOORE. 

With 158 Steel Engraved Portraits of Dintinguished Generals and Prominent 
Hen; together with namerooa Ha^a and Plans of Battlea. 

THE REBELLION RECORD. Containing a full and concise 
Diary of Events, from the meeting of the South Carolina 
Convention in December, 1860, to the dose of the War of the 
Rebellion, together with Official Reports of both Federal and 
Confederate State Officers, and Narratives of all the Battles and 
Skirmishes that occurred. 12 vols., cloth, $00.00 ; library sheep^ 
$72.00 ; half calf; antique, $78.00 ; half morocco, $78.00 ; half 
russia, $84.00. 

\* Single volumes to complete sets furnished at the same ratea 

There are very few men of ordinary intelligence, and possessing 
an ordinary share of interest in the war which for a long period so 
entirely engrossed the public attention, who have not very often 
desired to fix the date of some important battle, some change of 
commanders, or the issue of some noteworthy proclamation. There 
are fewer still who would not feel an interest in recurring to the 
vivid description of some important engagement by sea or land, in 
which mayhap a kinsman or friend participated. 

The Rebellion Recoeb has, as we believe, a claim to a veiy wide 
circulation on the following grounds : its accuracy, its impartiality, 
its completeness, its preservation of all the materials for a future 
history of the struggle, its connected diary, its valuable documents, 
its interesting collection of incidents, its glamoring up the poetry 
called out by the war, and its unique character, as the only work of 
its kind. 

TnE Rebelliok Recobd has now become so firmly established as 
the standard authority of the war, that individuals in aU depart- 
ments of the Army, Navy, and Government, are constantly refer- 
ring to it, for narratives of important events, and official reports 
unpublished elsewhere. 

This work is a compendinm of information, made np of special oorrespond- 
enoOf official reports, and gleanings from the newspapers of both sections of 
the United States and of Europe. Of these latter, over five hundred aze used 
in its preparation. « 
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